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ABSTRACT
For realizing utility of dinoflagellates in studying the marine environment,
I conducted three projects in the East China Sea and adjacent areas. First, I
analyzed dinoflagellate cysts in surface sediments collected from the Yellow
Sea and East China Sea, and put particular emphasis on investigation of seed
accumulation areas. Secondary, I deduced paleoenviromnental change in the
East China Sea by means of vertical analysis of dinoflagellate cysts in three
cores. Thirdly, I carried out experiments to understand a mechanism of bloom
tennination through interaction between heterotrophic and autotrophic
dinoflagellates.
Chapter 1 described a horizontal distribution of dinoflagellate cysts of
surface sediments in the Yellow Sea and East China Sea. A total of 48 samples
were obtained from the study area. Analysis of the samples showed two
concurrent cyst distribution trends in latitudinal and longitudinal directions. In
the latitudinal distribution, cysts were abundant north of 34
0
N in the Yellow
Sea, where Spiniferites bulloideus (Deflandre et Cookson) Sarjeant and
ellipsoidal Alexandrium cysts were dominant. Total cyst concentration
decreased toward transect ends of the East China Sea in the longitudinal
distribution. Various factors such as cyst production, particle size of sediments
and sedimentation rates may contribute to the distribution of dinoflagellate
cysts in the study area.
Chapter 2 dealt with enviromnental changes in the East China Sea
recorded in dinoflagellate cyst assemblages during the last 10000 years. Three
cores were collected: at the central part of the East China Sea (St. 11 core) and
the adjacent areas of Omura Bay (9700M6 core) and Nita Bay of Tsushima
(TN core), west Kyushu, Japan. A total of 112 sedinlent samples were taken
out from the cores. Dinoflagellate cysts observed in the cores were all extant
species. In Omura Bay, no dinoflagellate cyst was found till ca. 9000 yr BP,
which indicates that seawater entered into Omura Bay after the time. In the
central part of the East China Sea and Nita Bay of Tsushima, seawater already
soaked at ca. 9000 yr BP based on the appearance of dinoflagellate cysts in the
samples. Abrupt increases of cyst concentration were seen after ca. 8300 yr BP
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in the cores. This implies a marine enviromnental change, probably that the
Tsushima Current initially developed from the point in the East China Sea.
Polykrikos leaves no clarified several points including taxonomic
confusion, and its feeding mechanism. Chapter 3 clarified ecological
functions of a heterotrophic dinoflagellate, P. kofoidii Chatton. Two species
produce cysts in the genus Polykrikos. Surface ornamentation of cysts of P.
schwartzii Butschli and P. kofoidii was considered to be the most important
morphological feature differentiating these speCIes: the forn1er was
characterized by reticulate ornament, and the latter by separate, rod-like
processes. On the basis of a literature survey and incubation experiments, the
cyst-motile fonn relationship in the P. kofoidii was reassessed. In incubation
experiments, P. kofoidii produced a cyst covered with complete reticulate
ornament. P. kofoidii also genninated from a cyst with incomplete reticulate
ornament. Moreover, four morphological types of Polykrikos cysts were found
in the surface sediments of Omura Bay. The ornament variation ranged from
rod-like elements (type 1), through separate rows of lumina (type 2: shelf-like
ornament~ type 3: incomplete reticulum), to a complete reticulum (type 4). The
observations showed that cysts of P. kofoidii had not only rod-like processes,
but also a reticulate network, and that intermediate forn1s sometimes occurred.
It might be resulted from the different physiological maturation toward a cyst
(hypnozygote) from a planozygote. Therefore, the previous taxonomic
criterion is untenable.
To know feeding behavior of Polykrikos is one of important subjects to
understand diminishing process of phytoplankton blooms by grazing of
Polykrikos. The feeding mechanism was first described of the heterotrophic
dinoflagellate, P. kofoidii on G. catenatum. P. kofoidii used nematocysts to
pull the prey into its body through the posterior sulcus, and finally engulfed it
whole. G. catenatum was one of optimal food sources for P. kofoidii, that was
supported by a rapid growth rate in excess of 1 doubling per day. TIus suggests
that G. catenatum populations in bloom conditions may be controlled by P.
kofoidii grazing. However, all grazing activity was not necessarily helpful in
the survival of P. kofoidii. Another experiment was carried out with A.
tamarense (ATHS-92 strain) as a prey of P. kofoidii. The A. tamarense strain
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was egested from P. kofoidii and caused to kill it. Rapid cell lysis of P. kofoidii
after the egestion of an intact cell of A. tamarense suggests a clue to show the
mechanism by which P. kofoidii disappears suddenly in the field.
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INTRODUCTION
For investigation on marine environments, various physical, chemical and
biological tools are innovated. For example, physical parameters such as
temperature and salinity are useful to recognize different water masses. At the
boundary between different water masses as fully mixed and stratified areas, a
front is fonned. The frontal area is often one of high productivity areas
because of the good light penetration in the clear wanner water and the high
nutrient supply from the bottom water brought to the surface (Raymont 1980).
Therefore, we can find a frontal area through investigation of abrupt changes
in temperature and salinity. Chemical factors of chlorophyll a and nutrients are
also variable according to water masses, as well as phytoplankton cOlmnunities
as a biological factor. Biological indicators on a special current, for instance a
cyanobacteria Trichodesmium, which is an indicator of the Kuroshio Current in
the western Pacific, are actively studied. Recently, researches with satellite
remote sensing provide infonnation of water temperature, chlorophyll a and
primary production on surface water in a global scale.
Plankton cOlmnunities conslstmg of dinoflagellates, foraminifers,
coccoliths and diatoms are often used for a research of temporal and spatial
changes in marine environment, because these organisms are very sensitive for
enviromnent change. Among them, dinoflagellates are increasingly utilized in
gaining infonnation of marine, in particular coastal environmental change.
Dinoflagellates contain genera and species that produce hypnozygotic cysts
that are resistant to mechanical, chemical and bacterial decay and hence with
fossilization potential (Harland 1988). Furthennore, feeding behaviors and
growth rates of heterotrophic dinoflagellates on phytoplankton give us detailed
infonnation to understand a mechanism tenninating red-tide blooms.
Hereinafter, I introduce dinoflagellates in both of motile cells and cysts,
which have been attempted at studying marine environments.
Unique features of dinoflagellates
The dinoflagellate is one of the old protozoan groups with a fossil record
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dating back to the Late Silurian (Walker 1984). The majority of dinoflagellates
are marine, but there are also several hundred species in brackish to
freshwaters. Dinoflagellates are often important components of the plankton,
additionally some species are benthic or in symbiotic associations (Sze 1993).
According to Walker (1984) dinoflagellates share a number of unique
characters: a nucleus containing pennanently condensed chromosomes; two
dissimilar, transverse and longitudinal flagella; categorized into annored and
unannored fonns. Spector (1984) mentioned that nucleus of a dinoflagellate
contains numerous pemlanently condensed chromosomes attached to the
nuclear envelope, which throughout the cell cycle represent a striking
difference from typical eukaryotic chromosomes that are condensed only
during nuclear division.
Of the basic fonn of dinoflagellates (Fig. 1), dinokonts have a paired
flagella, one beating sideways around the cell and another beating backwards;
in a few dinoflagellates, both flagella arise from the anterior end (desmokonts)
or arise posteriorly (opisthokonts) (Taylor 1987a). In dinokonts, the two
flagella are tenned transverse and longitudinal flagella. The fonner locates in a
groove called girdle or cingulum and the latter lies in sulcus. The motility of
flagella pennits dinoflagellates to optimize their location to avoid sinking out
under very stable water conditions (Taylor 1987b).
Dinoflagellates can be categorized into two major groups based on cell
wall structure. Annored (or thecate) fomls have cellulose or other
polysaccharide plates in vesicles between membranes, whereas unannored (or
naked) fonns lack these plates (Walker 1984). For instance, Alexandrium,
Ceratium, Dinophysis, Gonyaulax, Lingulodinium, Prorocentrum,
Protoperidinium, Pyrodinium and Scrippsiella have thecate plates, while
Cochlodinium, Gymnodinium, Gyrodinium, Noctiluca, Pheopolykrikos and
PoZvkrikos are unannored.
In nutrition, dinoflagellates vary greatly ranging from autotrophic to
heterotrophic fonns, which may parasitize invertebrates and fishes or
phagocytize other algae (Sze 1993). Approximately half of the known species
of living dinoflagellates are heterotrophs (Gaines & Elbrachter 1987), which
lack chloroplasts and are clearly phagotrophic (Dodge 1984). Detailed
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mechanisms of phagotrophic feeding behavior have been studied actively. So
far three main feeding mechanisms are known for phagotrophic feeding. The
mechanisms are engulfment of intact prey (Hansen 1992), sucking out the
contents of prey through a peduncle (Spero & Moree 1981), and enveloping
prey with a pallium (Gaines & Taylor 1984).
Many other interesting features are reported m dinoflagellates. The
photosynthetic organisms capable of bioluminescence are only to be found
among the dinoflagellates, and a number of species of Gonyaulax and
Pyrodinium can emit flashes of light on either mechanical or chemical
stimulation (Sweeney 1987). Phagotrophic dinoflagellates such as Noctiluca
are also bioluminescent. The function of the light production is not fully
known but may be for frightening herbivores (Sze 1993).
Only a few species including not only plankton but also benthic resting
stages of toxic dinoflagellates have confinned toxicity and break out toxic
algal blooms at coastal areas of the world. Toxin can accumulate in filter-
feeding animals such as clams and oysters, and subsequently cause illness or
death to consumers such as birds, marine mammals and human being
(Steidinger & Baden 1984). The major toxins are saxitoxin produced by
Alexandrium, brevetoxin by Ptychodiscus, and ciguatoxin by Gambierdiscus
(Sze 1993). Alexandrium catenella (Whedon et Kofoid) Balech, A. tamarense
(Lebour) Balech and Gymnodinium catenatum Graham are responsible for
paralytic shellfish poisoning (Sako et al. 1992). Dian-hetic shellfish poisoning
is associated with blooms of Dinophysis and results from eating contaminated
mussels and other bivalves (Sze 1993). Ciguatera refers to poisoning, which
results from the consumption of contaminated fishes, and is widespread in
tropic oceans. The source of toxin is benthic dinoflagellates, especially
Gambierdiscus toxicus Adachi et Fukuyo, which grow on coral rubble and
macroalgae and presumably are eaten by grazing fishes (Sze 1993).
In life cycle, some dinoflagellates produce two different types of non-
motile cells called as a temporary cyst and a resting cyst (Dale 1983). During
the past few decades biology and paleontology of dinoflagellates have been
remarkably progressed in the fields of hannful algal blooms, life cycles and
biostratigraphy. Many cyst-motile cell relationships have been established on
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the bases of cyst incubation experiments.
Life cycle of dinoflagellates and ecological functions of cysts
More than 2,100 living dinoflagellate species are known, but very few of
these produce preservative cysts (Goodman 1987). According to Head (1996),
more than 180 marine species produce organic-walled cysts, yet one-half of
these have known fossil records. Although cyst-fonning dinoflagellates occupy
small proportion of total number of dinoflagellates, so much interest has been
in them because some of hannful and toxic dinoflagellates produce cysts. Life
cycles of many cyst-forming dinoflagellates have been established actively,
emphasizing hannful and toxic species. On a well-known toxic dinoflagellate,
Gymnodinium catenatum, Blackburn et al. (1989) clarified its cyst fonning
process (Fig. 2): sexual life cycle of G. catenatum provided gametes; gamete
fusion produced a planozygote; this stage encysted into a hypnozygote with
microreticulate surface ornamentation; after a dormancy period the
hypnozygote resulted in a genninating cell, planomeiocyte; this divided to
forn1 a chain of two cells, which subsequently established a G. catenatum
population. Alexandrium tamarense is also a notorious dinoflagellate to
provoke recurrent toxic blooms of paralytic shellfish poisoning.
Since many recent studies emphasize the potential importance of
dinoflagellate cysts in the initiation phase and seed population of the blooms,
concentrated experiments have occurred in A. tamarense and the cysts (e.g.
Anderson & Wall 1978). Most dinoflagellate cysts are morphologically very
different from the motile stages. Therefore, their natural affinities remained
unknown until the early 1960s, when paleontologists discovered living
equivalents and showed these to be resting cysts of dinoflagellates. Wall &
Dale (1968), as one of pioneers, established the relation between many motile
stages and cysts of dinoflagellates.
Ecological functions of dinoflagellate cyst fom1ation are considered as
follows (Dale 1983): (1) short or long tenn survival overwinter in lower
temperature than the motile cells tolerate, (2) seed bed to ensure a new
population of motile stages during favorable intervals, (3) dispersal agents to
9
extend a species range of new territory transported by current, and (4) nuclear
replenishment through meiosis, etc. In other aspect, the switch from asexual to
sexual reproduction of dinoflagellates is one of the major factors in the decline
of blooms (Anderson et al. 1983). The fonllation of a large number of non-
dividing gametes and planozygotes, which eventually fell to the sediments as
cysts, partly results in tennination of blooms.
How can we use dinoflagellates in studying the marine environment?
Grazing activity of heterotrophic dinoflagellates is one of important control
factors on the population dynamics of hannful algal blooms (Sampayo 1998).
Grazing of heterotrophic dinoflagellates, and especially of Polykrikos kofoidii
Chatton on populations of G. catenatum have been reported actively (Sampayo
1998, Matsuyama et al. 1999, Matsuoka et al. 2000). Sampayo (1998) suggests
that P. kofoidii can act as a bloom limiting factor for G. catenatum, and its
feeding on the toxic species has speeded up toxin depuration in the bivalves.
Heterotrophic dinoflagellates and copepods may thus compete for food,
whereas the dinoflagellates are themselves prey for copepods (Naustvoll 1998).
In contrast to direct grazing on diatoms, predation on heterotrophic
dinoflagellates adds an extra link in the food web leading to copepods, hence,
reducing the energy transfer effort up the trophic hierarchy (Naustvoll 1998).
Since dinoflagellates are one of the major groups of phytoplankton,
including many toxic species, their cysts should be useful indicators of
eutrophication and the history of toxic blooms (Dale 1996). Kim & Matsuoka
(1998) and Matsuoka (1999) studied on eutrophication processes reflected in
dinoflagellate cyst assemblage from Japanese coastal areas. Dinoflagellate
cysts fossilize due to the composition of resistant organic material, which is
chemically similar in the walls of spore and pollen (Bujak & Williams 1981).
Therefore, it is possible to utilize dinoflagellate cysts in gaining
palaeoceanographic infonnation. Mao & Harland (1993) used dinoflagellate
cyst assemblages to understand a climate change at the South China Sea.
Matsuoka (1994) analyzed the cyst assemblages in a core sediment sample
bored at Mine Bay of the Tsushima Islands, west Japan, and discussed
10
paleoceanographic changes in the eastern part of the East China Sea. Some
dinoflagellate cysts have used as the indicator of the specific water mass. As a
strong indicator, Tuberculodinium vancampoae (Rossignol) Wall can be used
to interpret the wann water environment because this species has restricted to
tropical or subtropical waters. It is, therefore, possible to trace oceanographic
condition or water qualities in a region through information of indicator cysts.
One of potential utilities of dinoflagellate cysts on the marine
environmental research is in the investigation of cysts included in ballast water
of ships. Ballast water has been suggested as a dispersal mechanism for a large
range of marine organisms, including toxic or hannful dinoflagellates.
Dinoflagellate species that are not endemic to a region can be inadvertently
introduced when their cysts are discharged with the ballast-tank waters
(Hallegraeff & Bolch 1992). As mentioned in the ecological functions of
dinoflagellate cysts, cysts survive short or long tenn protected by a resistant
cyst wall. When favorable condition returns, cysts genninate and dinoflagellate
populations fonn. Therefore, we should consider investigation of
dinoflagellate cyst assemblages in ballast water to prevent possibility of a
bloom caused by allochthonous dinoflagellates.
Putting these various utilities of dinoflagellates together, I compile
relationships of dinoflagellates and studies of marine environments in Figure 3.
Dinoflagellate bloom tenninates by following activities: 1) grazing of
heterotrophic dinoflagellates, zooplankters and/or filter feeders such as oysters
and clams, 2) fonnation of planozygotes and dinoflagellate cysts. Study of
feeding behavior and growth rate of heterotrophic dinoflagellates on bloom-
fonning dinoflagellates can provide helpful data for this stage in temlS of
interactions between autotrophic and heterotrophic dinoflagellates. Cysts are
fonned and sink to the bottom. In many cases cysts are transported to other
places by currents or artificially by shipping ballast-water. Finally cysts
distribute on sea bottom and often accumulate to make a seed bed.
Investigation of cyst distribution and composition in surface sediments
provides infonnation of present marine environmental condition: what kind of
species made a bloom or where a seed bed fonned, which acts as a potential
source of dinoflagellates. Moreover, we can read historical changes of marine
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environments from dinoflagellate cyst assemblages by means of analyzing core
sediments.
The aim of this study IS to clarify utilities of dinoflagellates for
environment interpretation. I examined spatial and historical enviromnental
changes of the East China Sea and adjacent coasts based on analysis of
dinoflagellate cysts (Chap. 1 and Chap. 2). In Chapter 3, I investigated
morphological variation of Polykrikos cysts, and discussed possibility to utilize










FIGURE 1. Basic flagellar arrangements: a, desmokont (e.g.
Prorocentrom). b, dinokont (e.g. Gymnodinium). c, opisthokont








FIGUTE 2. Diagrammatic summary of the sexual life cycle of





















FIGURE 3. Illustration showing utilities of motile stage and cysts of dinoflagellates in studing
marine enviroments.
CHAPTERl
DINOFLAGELLATE CYST ASSEMBLAGE AND DISTRIBUTION IN
THE SURFACE SEDIMENTS COLLECTED FROM THE YELLOW
SEA AND EAST CHINA SEA
I . Introduction
II . Oceanographic Setting
ill. Materials and Methods
N. Systematic Description
V. Results
V - I . Distribution of cysts
V- I - I . General distribution
V- I - II . Genus Spiniferites
V- I -ill. Ellipsoidal cysts ofAlexandrium
V- I -N. Protoperidinioid cysts
V - II . Transect lines
V- II - I . Transect A
V - II - II . Transect Band C
VI. Discussion
VI- I . Dinoflagellate cyst assemblage
VI- II . Characteristics of cyst distribution
VI-ill. Ellipsoidal Alexandrium cyst
VI-N. Comparison with other areas
VI- V. Protoperidinioid/Gonyaulacoid (PIG) value
16
I . INTRODUCTION
Dinoflagellate cysts, important members of manne palynomorphs, are
useful for the characterization of recent marine environments (Versteegh 1994).
Only limited knowledge is, however, available on cyst assemblage and
distribution in the Yellow Sea and the northern East China Sea, except along
their coastal areas: Qi et al. (1996) in Chinese coastal areas of the South China
Sea and the East China Sea, Matsuoka et al. (1999) in the surface sediments
off the mouth of Changjiang River, Lee & Matsuoka (1994; 1996) in the
surface sediments of southern Korea waters, Kobayashi et al. (1986),
Matsuoka (1994), Kim & Matsuoka (1998) and Matsuoka & Kim (1999) along
the coasts of western Japan, and Kim et al. (1999) from the central part of the
Yellow Sea, in particular Alexandrium cysts. Alexandrium is one of the major
dinoflagellates responsible for paralytic shellfish poisoning (PSP).
Nevertheless, the distribution of Alexandrium cysts has not been mapped in the
Yellow Sea and the East China Sea.
Knowledge of the composition of dinoflagellate cyst assemblage can be
used to interpret environmental condition of water column. Some extant
species are used as indicators; Spiniferites mirabilis (Rossignol) Sarjeant as a
warm water indicator, whereas Operculodinium centrocaJpum sensu Wall et
Dale as a cold water indicator, and Tuberculodinium vancampoae (Rossignol)
Wall indicating ilmer neritic areas restricted to tropical or subtropical condition
(Versteegh 1994). Kim & Matsuoka (1998) and Matsuoka (1999) attempted to
interpret eutrophication processes which reflected in the dinoflagellate cysts, in
coastal areas in Japan.
The aim of this study is fourfold: first, to describe the dinoflagellate cyst
assemblage presently occurring in the study area; second, to provide a series of
maps showing the distribution of various cysts in surface sediments, including
changes in the latitudinal and longitudinal distribution of cysts along three
transect lines; third, to report offshore concentrated distribution of ellipsoidal
Alexandrium cysts; and forth, to consider meanmg of the
protoperidinioid/gonyaulacoid (PIG) value, which has been used as an
indication factor of primary production.
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II . OCEANOGRAPHIC SETTING
Lying over the continental shelf and located between the Asian continent
and the Korean peninsula, the Yellow Sea is bound by the land in the north,
west and east, and is connected in the south with the East China Sea (Guo &
Zhang 1996). The East China Sea which has one of the widest continental
shelves in the world, is a marginal sea surrounded by China, Korea and Japan.
It is separated from the western North Pacific by the northeast-southwest
extending Ryukyu Island Are, but is still connected to the Pacific by passage
ways between the islands (Xu & Oda 1999). The characters of the water
masses on the continental shelf of the East China Sea depend on freshwater
discharged from the continent of China and, heat and high salinity supplied
from the Kuroshio (Maeda 1989). According to Xu & Oda (1999), the East
China Sea can generally be divided into a southeastern and a northwestern part
by the 200m isobath. The southeastern part is occupied by the open sea water
mass with high temperature and high salinity due to the influence of the
Kuroshio. The northwestern part is dominated by the coastal water with low
temperature and low salinity. The East China Sea receives large amounts of
dissolved inorganic nutrients from the Changjiang River, which can result in
high primary production compared with areas outside of the shelf (Hama et al.
1997).
ill. MATERIALS AND METHODS
Samples collected from 48 stations were used for the study. The latitude,
longitude, and water depth of all stations and sea bottom topography are
presented in Table 1 and Figure 1. Of these samples, 26 samples were from
Cho and Matsuoka (1999) and nine samples were obtained from Matsuoka et
al. (1999). Cyst concentrations in Matsuoka et al. (1999) have been
recalculated as the number of cysts per gram of dry sediment (cysts/g). Newly
13 samples were collected a cruise in the East China Sea with a gravity core
sampler by Dr J.B. Lee at Cheju National University, Korea. The top 3cm of
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cores were cut and ilmnediately preserved in a refrigerator. The sediment
samples were treated following the method of Cho and Matsuoka (1999). The
original sample was divided into two, one for measuring water content and the
other for dinoflagellate cyst analysis, for the purpose to prevent decay of cyst
due to oven dry. The first was weighed in wet condition and oven dried at
70
De for a day to measure water content in the sample. The second was also
weighed in wet condition, and processed with ca. 10% hydrocloric acid (HCI)
and ca. 47% hydrofluoric acid (HF) to dissolve calcium carbonate
(foraminiferal and molluscan fragments) and silicate materials (sand and mud
particles and/or diatom frustules), respectively. The chemically treated sample
was placed in a 100m1 beaker, and mixed with distilled water to make slurry.
The slurry was sonicated for 30 seconds in Sharp Ultrasonic Cleaner (UTA-
152 Type). Then, the slurry was sieved through two different stainless steel
meshes with 125 and 20lJ-m opening sizes, and the residue on the latter was
suspended in 10ml distilled water and kept in a vial. Observation was carried
out under an inverted microscope (Olympus IX70) equipped with a camera at
magnifications of 400 and 600 times. Cyst concentration in each sample was
calculated as cysts/g dry weight of sediment: N/W(l-R), where N is a counted
cyst number, W is a weight of an observed sediment, and R is a rate of water
content of the sediment.
In the literature, cyst concentration is expressed either as cysts per gram of
dry sediment (e.g., Lee and Matsuoka, 1994~ Cho and Matsuoka, 1999), or
cysts per unit of wet sediment volume (e.g., Lee and Matsuoka, 1996~ Kim and
Matsuoka, 1998). Surface sediment inevitably contains large and variable
water content. Calculating cyst concentration based on sediment volume,
rather than dry weight, therefore introduces a variable factor (amount of water
content) that will hinder comparison with other studies. Water contents of
surface sediment samples taken for analysis of horizontal cyst distribution
differed due to particle sizes, and/or processing techniques after sampling. In
the case of core samples, sediments were cut and preserved at certain intervals.
The uppemlost flocculent layer containing many cysts and much seawater was
easily disturbed even with careful treatment for removing seawater. Seawater
above the layer was removed with a siphon. Water contents of the upper
19
sediment in the core were dependent on where siphoning stopped. However,
this method sometimes resulted in an underestimation of cyst concentration,
expressed as cyst number per wet sediment volume (cysts/ml or cysts/cm3). On
the other hand, cyst number per dry weight of sediment can prevent this
problem by dilution of seawater. Underestimation may mislead the
interpretation of environmental conditions when we compare the results with
others. In order to facilitate comparison between our stations, as well as with
other studies, we have presented all our results as cysts per gram dry weight.
Alexandrium cysts was identified following the primuline-staining method
by Yamaguchi et al. (1995). Primuline-stained Alexandrium cysts exhibit an
intense yellow-green fluorescence under a fluorescence microscope with blue-
light excitation (Yamaguchi et al. 1995). This highlights the cysts from
background particles, allowing easy recognition of the cysts. Taking Iml from
10ml slurry, cysts were observed under a fluorescence microscope (Olympus
IX70) with a camera at magnification of 200 times.
Versteegh (1994) used protoperidinioid/gonyaulacoid cyst (P/G) ratio to
interpret the changes in productivity. The PIG values were also calculated
following Versteegh (1994): PIG = nP/(nP+nG), where n = number of
specimens counted; P = protoperidinioid cysts; G = gonyaulacoid cysts.
N. SYSTEMATIC DESCRIPTION
The cysts found in the study and their relationships with equivalent motile
dinoflagellates are shown in Table 1-2. The cyst-motile cell relationships are
based on previously published papers carrying out gennination experiments of
cysts. Many cysts have been incubated to genninate and identify equivalent
motile cells to clarify the cyst-motile cell relationship. But not all cyst-theca
relationships were established by gennination experiments. Therefore, more
gennination studies are needed. The descriptions of the presently observed




Most Alexandrium cysts are characterized by ellipsoidal, spherical or ovoid
(or hemispherical) morphology and transparent color with reddish
accumulation bodies, and sometimes covered with mucilaginous material.
Three types of Alexandrium cysts (ellipsoidal, spherical and ovoid) were
observed.
Remark: Alexandrium species produce smooth-walled, mucilaginous resting
cysts which range in shape from spherical, hemispherical to ellipsoidal with
rounded ends (Hallegraeff et a1. 1991). Because Alexandrium cysts have very
simple morphology, it is not easy to identify the cysts. According to Bolch et al.
(1991), the cyst of A. minutum Halim is distinct from the ellipsoidal cyst
described for A. tamarense (Lebour) Balech and A. catenella (Whedon et
Kofoid) Balech, and similar to the discoid cysts of A. hiranoi Kita & Fukuyo
and A. lusitanicum Balech. And the cyst could be also confused with the
spherical to ovoid cyst of A. monilatum Howell and Gyrodinium instriatum
Freudenthal et Lee and a non-calcified Scrippsiella cysts. Three types of cysts,
ellipsoid, spherical and ovoid, were observed in the present study. But the
related motile cells are not recognized due to the simplicity of the cysts and the
lackness of a gennination experiment.
Alexandrium sp. 1 (ellipsoidal)
Alexandrium sp. 1 was ellipsoidal (46 - 51 pm long), transparent and
sometimes had shrunk cytoplasm. It was often coated with mucilaginous
material, spanning approximately 10 pm around the cyst. Cyst of this shape
has been identified to be that of A. tamarense and/or A. catenella. It was a
predominant species in the study area with Spiniferites bulloideus (Deflandre
et Cookson) Sarjeant.
Photo: plate 1, fig. 6.
Equivalent thecate fonn: Alexandrium catenella, A. tamarense.
Alexandrium sp. 2 (spherical)
The cyst was also transparent but with a spherical shape. Mucilaginous coat
was not observed in the cyst.
Equivalent thecate fonn: Alexandrium affine (Inoue et Fukuyo) Balech, A.
andersoni Balech, A. leei Balech, A. margaleft Balech.
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Genus Lingulodinium
Lingulodinium machaerophorum (Deflander & Cookson) Wall
The cyst was transparent with thick processes (11 /l-m long, 3.4 /l-m wide)
pointing toward tips. The diameter was 56 /l-m.
Photo: plate 1, fig. 7.
Equivalent thecate fonn: Lingulodinium polyedrum (Stein) Dodge.
Genus Spiniferites
Ovoid or elongate cysts with gonal and/or intergonal processes. The
processes range from long, thin, hollow to sutural membranous and bifurcate
or trifurcate at tips. Nine types of Spiniferites were obtained in the study.
Among them, S. elongatus Reid, S. hyperacanthus (Rossignol) Sarjeant, S.
membranaceus (Rossignol) Sarjeant, S. mirabilis (Rossignol) Sarjeant and S.
ramosus (Ehrenberg) Mantell are known to be included in the Gonyaulax
spinifera (Claparede et Lachmmm) Diesing complex because their genninated
motile cells all resemble G. spinifera. S. mirabilis with prominent membranous
antapical process and gonal and intergonal processes, was sometimes found to
be very large in size (66 /l-m long) and had long stout processes (12 /l-m long).
Remark: Several dinoflagellate cysts were incubated to produce motile thecae
which were identical with or extremely similar to dinoflagellates described as
G. spinifera, including S. elongatus (Nehring 1997), S. hyperacanthus, S.
membranaceus and S. ramosus (SOlmeman & Hill 1997). It is possible that G.
spinifera encompasses several closely related species currently classified as
one (Sonneman & Hill 1997).
Photo: S. bentori (plate 1, fig. 1), S. bulloideus (plate I, fig. 3), S.
hyperacanthus (plate 1, fig. 2), S. mirabilis (plate I, figs. 4-5).
Equivalent thecate fonn: G. scrippsae Koroid (S. bulloideus), G. degitalis
Kofoid (s. bentori), G. spinifera (S. hyperacanthus, S. membranaceus, S.
mirabilis, S. ramosus).
Genus Operculodinium
Spherical cysts ornamented by numerous processes, of variable
morphology. Operculodinium centrocalpum sensu Wall et Dale and 0.
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israelianum (Rossignol) Wall were observed in the study.
Remark: Protoceratium reticulatum (Claparede et Lachmmm) Biitschli
produces at least two morphologically distinct kinds of resting spores which
con-elate with the fossil cyst species 0. centrocarpum and 0. psilatum Wall
(Wall & Dale 1968). 0. israelianum may be another kind of cyst of P.
reticulatum, because it is the intennediate member in a fossil morphological
series which has 0. centrocarpum and 0. psilatum as its end members (Wall &
Dale 1968). According to Nehring (1997), in P. reticulatum cysts from
shallower stations in the western Baltic a clear tendency for reduced process
length (mainly 2.5 - 8 ~tln) was discernible when compared to cells from the
marine Gennan Bight (mainly 9 - 10 ~m). And he suggested that this species
may have morphological cyst variability in response to salinity regime.
Operculodinium centrocarpum sensu Wall et Dale
Spherical shape with numerous processes. The diameter was 34.1 ~m. The
trapezoidal archeopyle was seen.
Photo: plate 1, fig. 8.
Equivalent thecate from: Protoceratium reticulatum.
Protoperidinioid Group
Genus Brigantedinium
A spherical fonn and brownish color characterize the Brigantedinium. The
shape of archeopyle which is created after gennination of a motile cell, is one
of the most important criteria to identifY Brigantedinium due to its simple cyst
morphology. In the study, B. auranteum Reid, B. cariacoense (Wall) Reid, B.
majusculum Reid, B. simplex Reid and three other types of Brigantedinium
were observed.
Remark: Brigantedinium is characterized by spherical brown cell wall. It is
difficult to identifY Brigantedinium species without the observation of
archeopyle shape after gennination. In spite of active incubation experiments
of Brigantedinium to clarifY the related motile cells, a lot of confusion still
leaves. Protoperidinium avellanum (Meunier) Balech genninated from B.
cariacoense with elongated, curved hexagonal archeopyle in Lewis et al.
(1984), Matsuoka (1984) and Sonneman & Hill (1997), while P. punctulatum
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(Paulsen) Balech was also observed from the cyst type (Nehring 1997).
Brigantedinium auranteum Reid
The cyst had a big archeopyle (18.7 - 23.8 !-tm long, 25.5 - 39.2 !-tm wide),
which was hexagonal and somewhat broadened towards central parts. The cyst
diameter was 44.3 - 54.5 IJ,m.
Photo: plate 2, fig. 2.
Equivalent thecate fonn: unknown.
Brigantedinium cariacoense (Wall) Reid
The cyst had a spherical shape (diameter 54 ~un), brown color and laterally
elongated hexagonal or more like elongated trapezoidal archeopyle
(approximately 18.7 !-tm long, 34 ~tm wide).
Photo: plate 2, fig. 3.
Equivalent thecate fonn: Protoperidinium avellanurn, P. denticulatum, P.
punctulatum.
Brigantedinium simplex Reid
The cyst was pale brown with a trapezoidal archeopyle (17 !-tm long, 23.8 !-tm
wide). The diameter was 40.8 !-tm.
Photo: plate 2, fig. 4.
Equivalent thecate fonn: Protoperidinium conicoides (Paulsen) Balech.
Genus Protoperidinium
Remark: Protoperidinium is not originated from the paleontological name, and
it shares the name between a cyst and the motile cell. Generally, it has a
pentagonal shape with brownish color. One apical horn and two anapical horns
exist.
Protoperidinium latissinum (Kofoid) Balech
The cyst was dorso/ventrally compressed with a pale brown color. Two
antapical horns were developed. 68.1 !-tm long and 59.6 IJ,m wide.
Photo: plate 4, fig. 1.
Equivalent thecate fonn: the same nomenclature.
Protoperidinium sp. 1
This cyst was pale brown with a large archeopyIe. It was characterized by tvv'O
asymmetric antapical horns, right side is thicker than left one.
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Photo: plate 2, fig. 8.
Protoperidinium sp. 2
This cyst was pale brown, dorso/ventrally compressed (49.4 ~m long, 51 ~m
wide) and had a shrunk: cytoplasm in the cyst. Paracingulum was clear around
almost the central part of the cyst. In ventral view, an excavated parasulcus
was seen.
Photo: plate 2, fig. 7.
Genus Selenopemphix
Remark: Protoperidinium subinerme (Paulsen) Loeblichill germinated from
Selenopemphix alticinctum (Bradford) Matsuoka in Nehring (1997), while it
could also germinate from a smooth, spherical and dark brown cyst in Lewis et
al. (1984). It is characterized by somewhat apicallantapically compressed
shape and with deeply excavated paracingulum.
Selenopemphix alticintum (Bradford) Matsuoka
The cyst was brown and somewhat compressed apicallantapically (63 ~m long,
66.4 ~m wide). Smooth surface, no spines and deeply excavated paracingulum
were characteristic.
Photo: plate 3, fig. 3.
Equivalent thecate fonn: Protoperidinium subinerme.
Selenopemphix quanta (Bradford) Matsuoka
The cyst was covered with needle-like spines up to 12 ~m long. It was also
apicallantapically compressed.
Photo: plate 3, fig. 4.
Equivalent thecate fonn: Protoperidinium conicum (Gran) Balech.
Selenopemphix sp. 1
The cyst was similar to S. alticintum with developed paracingulum. But this
was not apicalJantapically compressed (46 - 49.4 f-!m long, 39.2 - 44.3 ~m
wide) and two antapical horns were prominent. A large pentagonal archeopyle
was seen.
Photo: plate 4, figs. 2-3.
Selenopemphix sp. 2
This is differentiated from S. quanta in a smaller size and not compressed
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apical/antapically. The similar cyst type was already observed in Sonneman &
Hill (1997) as the name of Protoperidinium nudum (Meunier) Balech.
Photo: plate 3, fig. 7.
Selenopemphix sp. 3
The cyst had characteristics of S. quanta, but Sh011 (about 5 /-tm) and not so
pointed spines differentiate the cyst from it.
Photo: plate 3, fig. 2.
Genus Trinovantedinium
Remark: T capitatum was incubated to genninate Protoperidinium
pentagonum (Gran) Balech in Lewis et al. (1984). But Inoue (1990) reported
the motile fonns genninated from the cysts had longer thecae and the
cingulum scarcely displaced, which suggests probably different species from P.
pentagonum. The T capitatum cyst recovered in the study resembled the cyst
of Peridinium sp. cf. P. pentagonum in Wall & Dale (1968).
Trinovantedinium capitatum Reid
The cyst is entirely pentagonal, colorless and with many short spines. It was
easy to recognize paratabulation because the spines ornamented the cyst
surface to avoid the supposed parts of paracingulum and parasulcus.
Photo: plate 3, fig. 6.
Equivalent thecate fonn: Protoperidinium sp., P. pentagonum.
Trinovantedinium sp. 1
The cyst was similar to T capitatum as a colorless cyst covered with many
short spines, but it had a prominent pointed apical horn and two sharp
antapical horns. Particularly, it had developed parasulcus and paracingulum,
which were not just marked by arrangement of spines as those of T capitatum.
Photo: plate 3, fig. 5.
Genus Votadinium
Votadinium is characterized by having a hart shape which compressed




This cyst was a smooth hmi shape (49.4 ""m long, 59.6 ""m wide) with two
round antapical homs. Large and broad archeopyIe was often seen.
Photo: plate 2, figs. 5-6.
Equivalent thecate fonn: Protoperidinium oblongum (Aurivillius) Balech.
Votadinium spinosum Reid
The cyst was a brownish hart shaped cyst (39.2 ""m long, 42.6 ""m wide) with
many short spines. It differentiates the cyst from V calvum in possession of
spmes.
Photo: plate 3, fig.!.
Equivalent thecate fonn: Protoperidinium claudicans (Paulsen) Balech.
Caldodinellid Group
Genus Scrippsiella
Scrippsiella trocoidea (Stein) Loeblichill
The cyst had calcareous processes, but by the hydrochloric acid treatment
(10% HCl), the processes were melted and pockmarked cyst surface left.
Orange to red accumulation body often appeared.
Photo: plate 1, fig. 9.




Two types of Polykrikos cysts are observed, with rod-like processes (P.
kofoidii Chatton) and with reticulate ommnentation.
Remark: The cyst of P. schwartzii Butschli is considered to be characterized
by reticulate omament, and that of P. kofoidii by separate, rod-like processes.
But Matsuoka & Cho (2000) suggests that the taxonomic criterion that cysts
with reticulate omament are identical to P. schwartzii and those with rod-like
fonn to P. kofoidii is untenable, because cysts of P. kofoidii have not only
variants with rod-like processes but also fOnTIS with a reticulate network and
their intermediate fom1s. Confusion still remains in the Polylo-ikos cyst
morphology with reticulate omament.
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Photo: P. kofoidii (plate 4, fig. 6), Polylo'ilws sp. I (plate 4, fig. 5).
Equivalent thecate fonn: the same nomenclature (P. kofoidii), Po~vJa'ikos
kofoidii orland P. schwartzii (PolyJa'ikos sp. I).
V. RESULTS
v- I . Distribution of cysts
V- I - I . General distribution
A total of 41 species belonging to 18 genera were identified (Appendix I-
1). They are divided into six groups: gonyaulacoid, tuberculodinioid,
calciodinellid, protoperidinioid, diplopsalid and gyllli10dinioid in cyst-based
taxonomy as shown in Appendix 1-1. Among them, the cysts included in
gonyaulacoid, tuberculodinioid and calciodinellid groups are autotrophic,
while those belonging to protoperidinioid, diplopsalid and gymnodinioid
groups (except Cocholdinium sp.) are heterotrophic. Gonyaulacoid and
protoperidinioid groups predominated at all stations, composing more than
77 % of total cyst concentration.
The cyst concentration ranged from °(st. B3 and st. ClO) to 7566 cystslg
(st. Y9). The dinoflagellate cyst assemblages were overwhelmingly dominated
by Spinijerites and ellipsoidal Alexandrium cysts, predominantly S. bulloideus
belonging to the gonyaulacoid group. Cysts were more abundant in the central
Yellow Sea, where cyst concentration gradually increased towards the
northeast (Fig. 1-2). In the East China Sea, divided by 100 cystslg contour line,
the western part was shown to have complex patch distributions, while the
eastern part was characterized by a gradual decrease toward the east.
V- I - II . Genus Spinijerites
Eight cyst species of Spinijerites: S. bentori Wall and Dale, S. bulloideus, S.
cf. delicatus Reid, S. elongatus, S. hyperacanthus, S. membranaceus, S.
mirabilis and S. ramosus, and Spinijerites spp. were identified. The distribution
of Spinijerites clearly decreased gradually toward the lower latitude, except at
st. 5, st. 7, st. 8 and st. EIO, where they had a slightly higher concentration of
Spinijerites than in the surrounding stations (Fig. 1-3). The highest
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concentration was recorded at s1. Y9 (6267 cysts/g). S. bulloideus dominated in
the Spinijerites concentration.
v- I -ill. Ellipsoidal cysts of Alexandrium
Three morphologically distinct ellipsoidal, spherical and ovoid cysts with a
transparent wall, mucilaginous layer and smooth surface were recognized. The
ellipsoidal cyst was identical to A. catenella and/or A. tamarense, which are
well-known causative dinoflagellates for paralytic shellfish poisoning. The
ovoidal cyst closely resembled the cyst of A. minutum, and the spherical cyst
was similar to the cyst of A. andersonii or A. affine. Among them, ellipsoidal
cysts were most abundant. Light and fluorescence micrographs of primuline-
stained natural Alexandrium cysts are shown in Figure 1-4, respectively.
Yellow-green fluorescence higWighted the ellipsoidal cysts against a dark
background to make observation and enumeration easy (Fig. 1-4b). For
distinctive confinnation of species, however, gennination experiments on the
cysts should be carried out.
The general distribution of the ellipsoidal Alexandrium cysts was similar to
that of Spiniferites. The cysts were mainly concentrated in the Yellow Sea and
gradually decreased toward the East China Sea. The highest concentration was
found at st. E15 (3778 cysts/g). In the East China Sea, the cysts were less in
number at the east and west parts except at st. B1 off Changjiang River (Fig. 1-
5).
v- I -N. Protoperidinioid cysts
Seven cyst genera belonging to the protoperidinioid group were observed:
Brigantedinium, Protoperidinium, Quinquescuspis, Selenopemphix,
Steladinium, Trinovantedinium and Votadinium. The cyst concentration of this
group gradually decreased from southwest to northeast (Fig. 1-6), and in
northeastern parts of the study area protoperidinioid cysts were in lower
concentrations. The highest value was 207 cysts/g at s1. Ml. Brigantedinium
spp., characterized by a spherical cell with a brown color and smooth wall,
contributed most to the concentration.
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v -II . Transect lines
To clarify characteristics of the cyst distribution, we set three transect lines,
A, Band C (Fig. 1-1). Along Transect A, the latitudinal cyst distribution from
s1. E7 in the East China Sea to s1. Y9 in the Yellow Sea was investigated.
Transect Band C were for the longitudinal changes in cyst distribution along
the latitudes 32 0 and 31 0 N, respectively.
V - II - I . Transect A
Cyst concentration in the low latitude area along Transect A was very low
(less than 263 cysts/g) and was relatively constant up to s1. Yl, over this
station the concentration increased abruptly to s1. Y9 (more than 7566 cysts/g),
except for a slight decrease at s1. Y5 (Fig. 1-7a).
In general, gonyaulacoidcysts had a proportion of approximately 50% of
the total cyst numbers, then became dominant, and finally occupied nearly
100% at st. Yl. S. bulloideus and Alexandrium cysts in the gonyaulacoid group
abruptly increased from st. EIO to C6 (Fig. 1-7b). Compared with the
gonyaulacoid group, the protoperidinioid group was fairly contrast, and other
groups were relatively rare.
V - II - II. Transect Band C
Eight stations and ten stations along the lines of 32
0
(Transect B) and
31 0 N (Transect C) respectively, were investigated for longitudinal changes in
cyst concentration. The pattern of changes in cyst concentration was similar in
both transects: two high peaks with a drop near 125
0
E (Fig. 1-8a; 1-9a).
Values at the drops were both less than 200 cysts/g, but the peak value of
Transect B was more than twice that of Transect C.
On Transect B (Fig. 1-8b), relative abundance of gonyaulacoid cysts was
highest at s1. C6. This contrasted with the protoperidinioid cysts, which
decreased sharply toward this station. Calciodinellid cysts were relatively
constant at about 10% to s1. C8. Gymnodinioid cysts were very low in relative
abundance over s1. A3 to s1. 4, and outnumbered the diplopsalid group at s1. 4.
On Transect C (Fig. 1-9b), protoperidinioid cysts were the second most
conunon group whereas, gynmodinioid and diplopsalid groups were rare.
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VI. DISCUSSION
VI- I . Dinoflagellate cyst assemblage
Ellipsoidal cysts of Aelxandrium, 0. centrocarpum and S. bulloideus were
predominant in the study areas. A. tamarense and A. catenella share a common
cyst type of ellipsoidal one. Therefore, it is difficult to detennine motile cell
from ellipsoidal Alexandrium cysts. Qi et a1. (1996) reported that the sediments
collected from the stations along the coasts of the South and East China Seas
had the cysts of A. tamarense which were genninated from ellipsoidal
transparent cysts. It is not obvious if the motile fonns of the ellipsoidal
Alexandrium cysts found in the study were A. tamarense, but it is clear that
they were not restricted only to the coastal area but also distributed at offshore
areas. The Spiniferites group reaches its highest abundance in open marine
neritic conditions (Wilpshaar & Leereveld 1994) and 0. centrocalpum is
rather connnon in outer neritic condition (Versteegh 1994). These cysts were
almost completely absent from the stations adjacent to the Changjiang estuary,
and abundantly distributed toward offshore stations. Besides, T vancampoae
that is classified as tropical to subtropical species (Wall et a1. 1977), appeared
rather abundant in the East China Sea than in the Yellow Sea (Fig. 1-10).
VI- II . Characteristics of cyst distribution
Cysts are distributed broadly in the latitudinal band in relation to marine
climatic regimes and hydrographic systems, and within these latitudinal belts,
cyst assemblages also differ both in concentration and in relative abundance of
species along an onshore-offshore gradient (Wall et a1. 1977; Goodman 1987).
The distribution of cysts is controlled by several factors, such as distribution of
motile cells, biological and ecological controls over encystment, and behavior
of cysts as sedimentary particles in the hydrographic regime (Goodman 1987).
Although the study area is not so broad in its latitudinal band, the results on
cyst distribution also showed two features: latitudinal and longitudinal trends.
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In general, cysts were most abundant north of 34
0
N in the Yellow Sea
(Fig. 1-2). This latitudinal distribution was clear on Transect A (Fig. 1-7a). The
predominant S. bulloideus and Alexandrium cysts contributed most to the high
cyst concentration in the Yellow Sea. These two species occupied more than
76% of the dinoflagellate cyst assemblage in all stations of the Yellow Sea.
There is, however, no evidence that these cysts were autochthonous and
directly produced by the sexual reproduction in the water colunm, or
allochthonous having moved from other nutrient-rich coastal areas.
It is well known that dinoflagellate cysts act like fine particles (Dale 1983).
Therefore we generally find higher concentrations of dinoflagellate cysts in
muddy sediments than in sand. According to Hamada (1998), muddy
sediments were mainly distributed in the central area of the Yellow Sea, as
well as a small patch at the south offCheju Island (30° 30' - 320 N, 125°- 12r
E) in the central East China Sea. The muddy sediment was widely exposed to
all stations of the Yellow Sea in the present study. Sediment samples for cyst
analysis are usually sieved through 125 and 20 ~m mesh, because most
dinoflagellate cysts are in the size range between 30 and 65 ~m. Cysts might
be moved together with those particles finer than 4 <j> (62.5 ~m). Thus, the
higher concentration of cysts in the Yellow Sea in comparison to the East
China Sea was partly due to the broad distribution of fine sediments in the
Yellow Sea. Moreover, it was characteristic of the fine muddy sediment areas
in both the Yellow Sea and the East China Sea, that gonyaulacoid cysts
occupied highly, more than 99 % and 70 % of the total cyst concentration,
respectively (Appendix 1-1).
Cyst concentration along Transects Band C decreased toward both western
and eastern ends (Fig. 1-8a~ 1-9a). At the western part of Transects Band C,
the sedimentation rates were very high near the mouth of Changjiang River,
and therefore cyst concentration was diluted. The sedimentation rate off
Changjiang River was approximately 1.5 em/year (Matsuoka et a1. 1999)
which was about seven times greater than that of Omura Bay, west Kyushu,
Japan (0.21-0.27 em/year, Kim & Matsuoka 1998), and as great as that of
Tokyo Bay, Japan (1.6-2.4 em/year, Yokohama Enviromnental Research
Institute 1992). The eastern stations are affected by the oligotrophic Kuroshio
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Current that runs away from the effects of the flver rUll-off and human
activities, therefore the fertility of seawater and primary production decreases
(Guo 1991). The motile cells of the predominant cysts in the study were
autotrophic, therefore it is possible that their abundance affected cyst
concentrations: low primary production may induce low cyst concentration.
Also, not only toward the east, but at the approach to the mouth of Changjiang
River, the median diameter of sediment became coarse from 3 <j> (125 ~m) to 2
<j> (250 ,"",m) (Hamada, 1998), which might result in low cyst concentrations at
both ends.
Recent investigations 111 the Changjiang estuary and its dilution zone
revealed that the highest values of phytoplankton standing stock and primary
production were generally located on the continental shelf more than 100 km
away from the river mouth with decreasing gradients in both onshore and
offshore directions (Ning et al. 1988). The highest primary production shown
by Ning et al. was located closely at st. A5 and st. 8, where cyst concentration
was higher. It coincided with the longitudinal distribution trend in the study.
These facts suggest that the interplay of the following several factors resulted
in a greater tendency of concentrated cyst distribution in the Yellow Sea and
decreasing gradients toward both ends of Transect Band C in the northern East
China Sea: particle size in concentrated cyst distribution at the Yellow Sea;
primary cyst production, particle size and sedimentation rate in lower cyst
concentration at both ends of the Transects.
Matsuoka (1999) concluded that an increase of heterotrophic dinoflagellate
cysts is probably a good indicator for eutrophication in coastal area. The
protoperidinioid cysts such as Brigantedinium are associated with high
nutrients (McMinn 1992). Protoperidinioid cysts occurred abundantly at the
stations adjacent to the mouth of Changjiang River (Fig. 1-6) which is
subjected to high nutrient concentrations by river run-off (Hama et al. 1997),
and Brigantedinium were abundant at these stations.
VI-ill. Ellipsoidal Alexandrium cyst
Cysts of A. tamarense, which is one of the causative species of paralytic
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shellfish poisoning, have been detected in coastal areas surrounding the
Yellow Sea and East China Sea, notably: the coastal area of China (Qi et aI.,
1996), the southern coastal areas of Korea (Lee and Matsuoka, 1994~ 1996),
and the coastal areas of Kyushu (Kotani et aI., 1998). Ellipsoidal transparent
cysts, sometimes covered with mucilaginous material are characteristic of A.
tamarense and/or A. catenella (Bolch et aI., 1991). Qi et ai. (1996) succeeded
in gemrinating several transparent ellipsoidal cysts collected from the coastal
areas of the South China Sea and East China Sea and identified their motile
cells as A. tamarense. Even away from coastal areas, ellipsoidal Alexandrium
cysts were observed at high concentrations (more than 3788 cysts/g at st. E15)
in the Yellow Sea in our study.
Kim et al. (1999) reported on the distribution of Alexandrium cysts in the
YeHow Sea, and showed that cysts were more abundantly distributed in
offshore sediments of 60 to 80m depth than in the coastal areas near Korea.
According to Tyler et al. (1982), most coastal areas subjected to red tides occur
in dynamic systems with complex circulation patterns, so that cysts resulting
from a bloom may not always be deposited within the bloom area itself but
transferred seed bed locations beyond it. Moreover, White and Lewis (1982)
found the great majority of A. tamarense cysts occurred in a large, extremely
rich deposit located offshore in the southwestern Bay of Fundy. White and
Lewis suggested that offshore seed bed serves as the primary source of the
motile cells which initiate the annual A. tamarense bloom in the Bay of Fund.
Therefore, the abundance of ellipsoidal Alexandrium cysts at st. E15 in our
study might be as a result of transportation by some hydrographic mechanisms
from the coastal areas after the bloom.
VI-N. Comparison with other areas
The concentration of dinoflagellate cysts fOWId in our study, 0 to 7566
cysts/g, are comparable with concentrations found in other seas. In
southeastern Australia cyst concentrations in the uppennost core sediments of
continental shelf ranged between 61 and 345 cysts/g (McMinn, 1992). Top
sediments to 3cm depth of two cores in Omura Bay, Japan contained 2332 and
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3813 cysts/g (Kim and Matsuoka, 1998). Along south coastal areas of Korea,
cyst concentrations ranged from 56 to 962 cysts/g (Lee and Matsuoka, 1994).
In our study, mean cyst concentrations were 3234 and 200 cysts/g at the
Yellow Sea and East China Sea, respectively. The cyst concentration at the
Yellow Sea was as high as Omura Bay, and at the East China Sea was similar
to the continental shelf of southeastern Australia and Korea coastal areas.
The characteristics of cyst distribution in the Yellow Sea are high
concentrations of S. bulloideus and the ellipsoidal cysts of Alexandrium in the
central Yellow Sea. In particular, the abundant occurrence of the Alexandrium
cysts is very characteristic of this area. In marine coastal areas, many
researches have examined cysts of Alexandrium. White and Lewis (1982)
found A. tamarense cysts ranging from 2000 to 8000 cysts/em at many stations
in Bay of Fundy, Canada. Lee and Matsuoka (1994) observed cysts of
Alexandrium sp. along Korea Strait, which ranged from 16 to 23 cysts/em.
Ellipsoidal Alexandrium cysts were investigated in Chinhae Bay of Korean
south coast by An (1998). The Alexandrium cyst concentration in Chinhae Bay
had maximum of 1240 cysts/crrf in 1991. There are several reports on cysts of
Alexandrium in surface sediments along Japanese coasts. Kobayashi and Yuki
(1991) showed concentrations of ellipsoidal Alexandrium cysts from 5 to 24
cysts/ crrf in Matoya Bay. Ishikawa and Taniguchi (2000) reported cyst
concentrations of A. catenella and/or A. tamarense (ellipsoidal Alexandrium
cysts) varied between 0 and 21 cysts/crrf in Onagawa Bay. Takasugi et al.
(1998) investigated distribution of ellipsoidal Alexandrium cysts in Hiroshima
Bay, and found that the concentration ranged from 50 to 9525 cysts/crrL
Matsuoka and Lee (1994) found the number of Alexandrium cysts containing
fresh protoplasm was more than 8000 cysts/cm in Aso Bay of Tsushima Island.
Takeuchi (1994) reported cyst concentration of A. catenella, which was
confinned by gennination experiments, more than 21632 cysts/em in Tanabe
Bay at July of 1981. It is difficult, however, to compare above results with ours
due to different units to express cyst concentrations. Lewis et al. (1995)
investigated occurrence of ellipsoidal Alexandrium cysts from the Firth of
Forth, Britain, and expressed the concentration as cysts per gram of dry
sediment (2 to 404 cysts/g). In spite of poor surveys on Alexandrium cysts in
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marginal seas, it has no doubt that the concentrations of ellipsoidal
Alexandrium cysts in the Yellow Sea are very high.
Cysts of A. tamarense, which is one of the causative species of paralytic
shellfish poisoning, have been detected at coastal areas surrounding the Yellow
Sea and the East China Sea: Qi et al. (1996) at the China coastal area; Lee &
Matsuoka (1994, 1996) at southern coastal areas of Korea; Kotani et al. (1998)
at the coastal areas of Kyushu. Elongated ellipsoidal transparent cysts,
sometimes coated with mucilaginous material, are characteristic of cysts of A.
tamarense and A. catenella. Qi et al. (1996) succeeded in genninating several
transparent ellipsoidal cysts collected from the coastal areas of South China
Sea and East China Sea and identified their motile cells as A. tamarense. Even
away from coastal areas, ellipsoidal Alexandrium cysts were observed at high
concentrations (more than 3788 cysts/g at st. E15) in the Yellow Sea.
Kim et al. (1999) reported that Alexandrium cysts were distributed in the
Yellow Sea, where Alexandrium cysts were more abundantly distributed in
offshore sediments of 60 to 80m depth, compared to the coastal areas near
Korea. According to Tyler et al. (1982), most coastal areas subject to red tides
are in dynamic systems with complex circulation patterns, so that the cysts
seeding the bloom were not within the bloom area but transferred to their
ultimate seed bed locations. Therefore, the abundance of ellipsoidal
Alexandrium cysts at st. E15 might be as a result of transportation by some
hydrographic mechanisms from the coastal areas after the bloom.
VI-V. Protoperidinioid/Gonyaulacoid (PIG) value
High relative abundance of heterotrophic protoperidinioid cysts occurs in
areas, often enriched with nutrients: upwelling areas, coastal areas, arctic ice
margins or fronts between water masses (Versteegh 1994). To interpret the
change 111 productivity, Versteegh (1994) used the ratio,
protoperidinioid/gonyaulacoid cysts (PIG): an increase of PIG values meant
increased production due to increased input of river-born nutrients. High PIG
value off the mouth of Changjiang River was also related to the zone with
primary production maxima which was more than 2,000 mg C m-2 d-1 at
36
summer in Ning et al. (1988). High values of PIG were, however, recorded not
only at stations off the mouth of Changjiang River but also at the outer
continental shelf of the eastern East China Sea (Fig. 1-11). According to Guo
(1991), the primary production in srumner decreased from 1500 mg C m-2 d-1
in the dilution zone off Changjiang River to 200 mg C m-2 d-1 in the outer
continental shelf affected by the oligotrophic Kuroshio Current. TIllS suggests
that a high PIG value does not always indicate high primary production when
the value is compared to other places.
37
TABLE 1-1.

























































31 0 59' 48"
31 0 59' 30"
32 0 00' 06"
31 0 45' 24"
31 0 35' 36"
31 0 29' 48"
31 0 25' 30"
31 0 10' 30"
30 0 50' 30"
34 0 09' 42"
34 0 07' 42"
340 59' 54"
35 0 49' 30"
35 0 30' 36"
35 0 59' 24"
31 0 59' 48"
31 0 00' 06"
29 0 AD' 00"
29 0 00' 00"
29 0 35' 00"
30 0 DO' 12"
30 0 59' 48"
31 0 44' 54"
35° 43' 42"
35 0 DO' 06"
34° 44' 36"
35° 29' 54"
35 0 30' 00"
32 0 AD' 12"
31° 59' 48"
32 0 00' 00"
30 0 59' 48"
30 0 00' 00"
30 0 00' 36"
30 0 00' 00"
32 0 AD' 00"
31 0 3D' 00"
31 0 AD' 00"
31 0 AD' 00"
31 0 DO' 00"
31 0 DO' 00"
31 0 AD' 00"
31 0 00' 00"
31 0 00' 00"
32 0 3D' 00"
32 0 45' 00"
33 0 00' 00"
33 0 15' 00"
Longitude (E)
122 0 30' 18"
123 0 14' 48"
123 0 59' 54"
122 0 30' 24"
123 0 14' 54"
123 0 59' 48"
122 0 34' 42"
123 0 14' 42"




123 0 50' 12"
122 0 41' 18"
124 0 19' 54"
127" 40' 00"
127" 05' 06"
126 0 00' 00"
125 0 10' 06"
125 0 39' 48"
125 0 10' 00"
125 0 10' 00"
126 0 00' 00"
123° 00' 06"
123 0 00' 06"
124 0 20' 12"
123 0 40' 12"
1240 19' 00"








126 0 00' 00"
126 0 00' 00"
125 0 30' 00"
125 0 00' 00"
124 0 30' 00"
123° 30' 00"
123 0 00' 00"
122 0 30' 00"
124 0 00' 00"
124 0 30' 00"




















































List of dinoflagellate cysts observed in the study area and their related motile cells (Cyst nomenclature marked with asterisk (*)
means the same name as the motile species; At the section of reference carried out germination experiment, (-) indicates no




























































Oi et al. 1996; Anderson 1980
Sonneman & Hill 1997
Hallegraeff et al. 1991
Hallegraefl et al. 1991
Bolch et al. 1991
Wall & Dale 1968; Nehring 1997
Wall & Dale 1968
Nehring 1997
Wall & Dale 1968
Sonneman & Hill 1997
Wall & Dale 1968;
Sonneman & Hill 1997; Nehring 1997
Pholpunthin et al. 1999
Bolch & Hallegraeff 1990;
Sonneman & Hill 1997
Lewis et al. 1984; Matsuoka 1984;
Cysts in Photo
pI. 1, fig. 6
pI. 1, fig. 7
pI.1,fig.1
pI. 1, fig. 3
pI. 1, fig. 2
pI. 1, figs. 4, 5
pI. 1, fig. 8
pI. 2, fig. 1
pI. 1, fig. 9
pI. 2, fig. 2
pI. 2, fig. 3
TABLE 1-2 (continued)
Cyst Species










Sonneman & Hill 1997
Nehring 1997
Inoue 1990
Lewis et al. 1984; Nehring 1997;
Sonneman & Hill 1997
Cysts in Photo






























P. sp. cf. compressum
P. pentagonum













Wall & Dale 1968
Wall &Dale 1968
Nehring 1997
Kobayashi & Matsuoka 1984;
Bolch & Hallegraefl1990; Nehring 1997
Lewis et al. 1984




Wall & Dale 1968; Lewis et al. 1984
Bolch &Hallegraefl 1990
Matsuoka 1988; Nehring 1997
Matsuoka 1988
Morey-Gaines and Ruse 1980
FUkuyo 1981; Matsuoka and Cho 2000
Dale 1976
pI. 4, fig. 1
pI. 3, fig. 3
pI. 3, fig. 4
pI. 3, fig. 7
pI. 4, figs. 2, 3
pI. 3, fig. 2
pI. 4, fig. 4
pI. 3, fig. 6
pI. 3, fig. 5
pI. 2, figs. 5, 6
pI. 3, fig. 1
pI. 4, fig. 7
pI. 4, fig. 6
pI. 4, fig. 6
pI. 4, fig. 5





FIGURE 1-1. Location map showing sampling locations, transect lines and
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FIGURE 1-3. Distribution of genus Spiniferites.
FIGURE 1-4. Micrographs of naturally occurring cysts of Alexandrium from
the Yellow Sea stained with primuline, taken at 200 times magnification.
Cysts under normal light (a). The same cysts under blue light excitation (b).
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FIGURE 1·7. Latitudinal change of cyst concentration (a), and relative
abundance of cyst based groups (b) along Transect A. The groups are
denoted as abbreviations: go. gonyaulacoid, tu. tuberculodinioid, ca.


































FIGURE 1-8. Longitudinal change of cyst concentration (a), and relative
abundance of cyst based groups (b) along Transect B. The groups are
denoted as abbreviations: go. gonyaulacoid, tu. tUberculodinioid, ca.
calciodinellid, pro protoperidinioid, di. diplopsalid, gy. gymnodinioid.
'PIOIU!POuwI\6 '1\6 'p!lesdOldIP "!p 'P!O!UIPpadolOJd 'Jd 'p!llaU!pOPle:J
'e:J 'PlO!UlPoln:JJaqnl 'nl 'Plo:Jelnel\u06 '06 :SUOne!AaJqqe se palouap
am sdnoJ6 aLII '8 peSUeJI 6uole (q) sdnoJ6 peseq lsl\:J !O a:Juepunqe
aAlleleJ pUB '(e) UO!leJlua:JUO:J lSI\:J !O a6ueLp leUlpnl!6uOl '6~ ~ 3Hn91::1
(3) apnll6uol














j,:..~'"::-:....:j.:.~"::-":;.-:;.:: ....:...:.:.":;.• .... ~;.":;.:;.:.~.:;.": ...: ..... 0"
nl ~D:;.::-:ja:;...::::~.:;.":;...:;..:j.:j.:;. ,:'... "j.:ja.:j.-:ja:;/ s:::::.~.~....~.~ .......~ ............. / ; / ~.........-::.....:~::!.:-::.-:.:-:.:-::. ....:.-::.-::.-::. /~ ... "' ... "' ........:.....:-:: ::J
05 ~ ~~~~~~~~ ..:;~~~~{~~~~~~~~: ,/,/~ ...~ ..., ..., ~~~ 09 0.D3
::J
(")
CD-?f!........, ... ... ... ... ... ... ... ... ...
I ............ / / .........
q











008 '<en-el en-OOv to.......
.... ....
.. ..
.. D.. " Chejl.l Island
c:::;
..
















FIGURE 1-11. Distribution of protoperidinioid/gonyaulacoid (PIG) values.
APPENDIX 1-1.
Dinoflagellate cysts in surlace sediments collected from the Yellow Sea and the East China Sea (cysts/g).
species \ st. 4 5 6 7 8 9 11 12 13 17
Gonyaulaeold group
A/exandrium sp. 1 (ellipsoidal) 89 46 68 15 52 7 8 5 0 6
sp. 2 (spherical) 0 0 0 0 0 0 0 0 0 0
sp. 3 (ovoidal) 0 0 0 0 13 0 0 0 0 0
Lingulodinium machaerophorum 0 0 8 0 0 0 0 5 17 0
Spinifer/tes bentorii 18 0 0 0 0 0 0 0 0 6
bulloideus 268 154 68 167 110 54 15 0 0 58
cf. delicatus 0 0 0 0 0 0 0 0 0 0
elongatus 0 0 0 0 0 0 0 0 0 0
hyperacanthus 0 15 8 0 0 0 0 0 0 0
membranaceus 0 0 0 0 0 0 0 0 0 12
mirabilis 18 0 15 0 13 0 8 0 0 0
ramosus 71 0 0 15 26 0 8 0 0 0
spp. 125 46 0 30 58 14 15 24 17 47
Operculodinium centrocarpum 18 0 8 15 6 14 15 0 0 6
israelianum 0 0 0 0 0 0 0 0 0 0
subtotal 607 262 174 242 279 B8 69 34 33 134
% 91.9 77.3 71.7 69.6 86.0 41.7 64.1 41.1 49.8 65.7
Tuberculodinioid group
Tuberculodinium vancampoae 0 15 0 0 6 0 0 0 0 0
0/0 0.0 4.5 0.0 0.0 2.0 0.0 0.0 0.0 0.0 0.0
Calciodinellid group
Scrippsiella trochoidea 36 15 8 30 13 0 0 10 0 29
sp. 0 0 0 0 0 0 0 0 0 0
subtotal 36 15 8 30 13 0 0 10 0 29
% 5.4 4.5 3.3 8.7 4.0 0.0 0.0 11.7 0.0 14.3
Protoperidinioid group
Brigantedinium auranteum 0 0 8 15 0 0 0 0 0 0
cariacoense 0 15 0 0 0 20 23 10 0 6
majuscu/um 0 0 0 0 0 0 0 0 0 0
simplex 0 0 0 0 0 7 0 0 0 0
spp. 18 0 45 30 13 54 0 5 17 6
Protoperidinium americanum 0 0 0 0 0 0 0 0 0 0
/atissimum 0 0 0 15 0 0 0 0 0 0
spp. 0 0 0 0 0 0 0 0 0 6
Quinquecuspis concretum 0 0 0 0 0 0 0 0 0 0
Se/enopemphix a/ticintum 0 0 0 0 0 0 0 10 0 0
quanta 0 0 0 0 0 7 0 0 0 0
spp. 0 15 0 0 0 7 0 0 0 0
Ste/adinium reidii 0 15 8 0 0 0 0 0 0 6
Trinovantedinium capitatum 0 0 0 15 6 0 0 0 0 0
sp. 0 0 0 0 6 0 0 0 0 0
Votadinium calvum 0 0 0 0 0 21 8 5 0 0
spinosum 0 0 0 0 0 0 0 0 17 0
sub total 18 46 61 76 26 116 31 29 34 23
% 2.7 13.6 25.0 21.7 8.0 55.1 28.8 35.4 50.2 11.4
Dipiopsalid group
Dip/ope/fa parva 0 0 0 0 0 0 0 5 0 0
Diplopsalis lenticula 0 0 0 0 0 7 0 0 0 0
Dubridinium caperatum 0 0 0 0 0 0 0 0 0 0
subtotal 0 0 0 a a 7 a 5 0 0
% 0.0 0.0 0.0 0.0 0.0 3.2 0.0 5.9 0.0 0.0
Gymnodinioid group
Goch/odinium sp. 0 0 0 0 0 0 0 0 0 0
Polykrikos kofoidii 0 0 0 0 0 0 0 5 0 17
sp. 1 (reticulum) 0 0 0 0 0 0 8 0 0 0
subtotal a a a a 0 0 8 6 0 17
% 0.0 0.0 0.0 0.0 0.0 0.0 7.1 6.9 0.0 8.6
TOTAL 661 338 243 346 325 211 108 82 67 203
APPENDIX 1-1 (continued).
18 19 20 Ai A3 AS B1 B3 B5. C1 C3 M1 V9 V6 E14 V7
12 33 7 0 0 9 7 0 13 0 3 0 1255 1625 1846 386
0 16 0 3 19 46 53 0 6 7 10 27 0 0 0 0
0 8 0 0 4 120 20 0 0 10 0 9 0 0 154 0
0 0 0 0 0 9 0 0 0 7 3 0 0 0 0 0
6 8 7 0 0 0 0 0 0 0 0 0 44 0 0 13
54 131 115 10 19 250 204 0 63 73 55 72 4489 2219 484 550
0 0 0 0 0 9 0 0 0 3 0 0 11 10 0 0
0 0 0 0 0 0 0 0 0 0 0 0 356 96 20 25
0 0 0 7 0 19 13 0 3 14 3 18 56 19 0 33
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 7 0 0 19 0 0 0 0 0 0 122 96 28 55
42 16 14 0 0 0 7 0 0 0 0 0 22 0 16 0
18 49 128 0 0 19 13 0 3 3 0 9 1167 533 348 127
6 16 20 3 8 19 13 0 16 10 14 0 11 0 0 0
0 0 7 0 0 0 0 0 0 0 0 0 0 0 0 0
139 278 304 23 50 519 330 0 104 127 88 135 7533 4598 2896 1189
82.1 89.5 97.8 54.8 31.8 71.9 60.9 0.0 56.5 53.4 33.6 34.1 99.6 100 99.7 100
6 16 0 0 0 0 0 0 0 0 0 18 0 0 0 0
3.6 5.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.5 0.0 0.0 0.0 0.0
0 8 7 3 11 46 20 0 9 17 3 9 0 0 0 0
0 0 0 0 15 9 13 0 3 3 0 0 0 0 0 0
0 8 7 3 26 55 33 0 12 20 3 9 0 0 0 0
0.0 2.6 2.2 7.1 16.6 7.6 6.1 0.0 6.5 8.4 1.1 2.3 0.0 0.0 0.0 0.0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 3 4 9 7 0 3 3 3 0 0 0 0 0
0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 4 0 7 0 0 3 0 0 0 0 0 0
24 8 0 7 53 102 138 0 44 45 128 162 22 0 8 0
0 0 0 0 4 19 7 0 3 0 7 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 9 0 0 0 7 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 8 0 0 0 3 0 0 0 0 0 0 0
0 0 0 0 4 0 7 0 3 24 17 27 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 6 0 3 0 0 0 0 0
0 0 0 0 4 0 0 0 0 3 7 9 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 3 0 0 13 0 3 3 0 9 0 0 0 0
0 0 0 0 0 0 0 0 0 3 3 0 0 0 0 0
24 8 0 16 81 139 179 0 65 91 168 207 22 0 8 0
14.3 2.6 0.0 38.1 51.6 19.3 33.0 0.0 35.3 38.2 64.1 52.3 0.3 0.0 0.3 0.0
0 0 0 0 0 0 0 0 0 0 0 0 11 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 3 18 0 0 0 0
0 0 0 0 0 0 0 0 0 0 3 18 11 0 0 0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.1 4.5 0.1 0.0 0.0 0.0
0 0 0 0 0 9 0 0 3 0 0 9 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 9 0 0 3 0 0 9 0 0 0 0
0.0 0.0 0.0 0.0 0.0 1.2 0.0 0.0 1.6 0.0 0.0 2.3 0.0 0.0 0.0 0.0
169 311 311 42 157 722 542 0 184 238 262 396 7566 4598 2904 1189
APPENDIX 1-1 (continued).
C5 C4 E15 V5 C2 V2 Vi C6 C9 C8 E3 E11 E4 E10 Cia C15
2143 2425 3778 1448 2313 564 74 93 0 0 0 11 1 0 91 0 0
0 0 0 0 0 a a 30 0 a a a a a a a
82 14 111 a a a a 15 a a a 0 0 0 a a
a 0 0 a 0 0 0 0 0 0 0 0 0 0 0 0
20 0 a 0 0 0 a 3 a a 0 0 a a a 0
1204 1060 611 505 333 453 235 56 1 25 0 0 54 70 0 5
40 a a a a a a 0 0 a 0 a a 0 a 0
60 a 4 5 a 7 a a a 3 0 0 a 0 a 0
10 a a 5 a 0 7 a 1 a 0 0 a 0 a 0
0 0 a 0 0 0 a a 0 0 0 0 0 0 a 0
40 7 30 11 16 0 7 a a 5 2 0 5 5 0 a
0 a 26 0 5 a 0 3 a 0 a 0 0 20 0 0
617 93 446 89 97 151 40 a a 20 0 0 a 12 a 5
20 a 0 0 11 0 a 3 0 3 0 0 0 0 a 0
a a 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4236 3599 5006 2063 2775 1175 363 203 2 56 2 111 59 198 a 10
99.8 98.8 99.9 100 98.9 99.4 100 95.8 33.3 87.5 28.6 96.5 79.7 86.8 0.0 47.6
10 7 0 0 0 0 0 a 0 0 0 4 0 5 0 0
0.2 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.5 0.0 2.2 0.0 0.0
a 0 0 a 0 0 0 0 0 a 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 a 0 0 0
a a a a a a a a a a a a a a a a
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0 0 0 0 0 0 0 a a 0 0 0 a 0 a a
0 0 0 0 5 a 0 a 0 0 2 0 5 0 0 a
0 0 a 0 5 a 0 a a 0 0 a a 0 a a
a a 0 a a 0 a 0 0 a 0 0 0 0 0 0
0 36 0 0 11 7 0 6 3 5 3 0 5 15 0 6
0 0 0 0 0 0 0 a 0 0 0 0 a 0 0 0
a a a a 0 0 a 0 a a 0 0 a a a 0
0 0 a 0 0 a 0 a 0 0 a 0 a a 0 0
0 0 0 a 0 a 0 a 0 a 0 0 5 a 0 0
0 a 0 a 0 a 0 a 0 a a 0 a a 0 0
0 0 0 0 a 0 0 0 1 0 a 0 a 10 0 3
0 0 0 0 0 a a 0 0 0 0 0 a 0 0 0
0 0 0 a a a a a 0 0 0 a a 0 0 a
0 0 0 a a a a a a a 0 a a a 0 0
a 0 0 a 0 0 0 0 0 0 0 a a 0 0 0
a 0 0 0 a a a a a a a a a a a a
a a a a 0 a a 0 0 0 0 0 0 0 0 0
a 36 a a 21 7 a 6 4 5 5 a 15 25 a 9
0.0 1.0 0.0 0.0 0.7 0.6 0.0 2.8 66.7 7.8 71.4 0.0 20.3 11.0 0.0 42.9
0 0 0 0 11 0 0 0 0 3 0 0 0 0 0 2
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
a a a a 11 a a a a 3 a a a a a 2
0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0 4.7 0.0 0.0 0.0 0.0 0.0 9.5
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 4 0 0 0 0 3 0 0 0 0 0 0 0 0
a a 4 a a a a 3 a a a a a a a a
0.0 0.0 0.1 0.0 0.0 0.0 0.0 1.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4246 3642 5010 2063 2807 1182 363 212 6 64 7 115 74 228 a 21
APPENDIX 1-1 (continued).
E9 C14 C16 E8 E7 E6
42 22 0 51 53 0
0 0 0 0 0 0
42 0 0 10 0 0
0 0 0 0 0 0
0 0 0 0 0 0
34 20 0 14 0 0
0 0 0 0 0 0
0 0 0 0 0 0
2 3 2 0 0 5
0 0 0 0 0 0
9 0 0 0 5 0
0 0 0 0 3 0
9 i4 0 2 3 11
9 3 0 0 0 0
0 0 0 0 0 0
147 62 2 77 64 16
55.9 38.8 7.7 57.0 49.6 45.7
6 0 0 0 0 0
2.3 0.0 0.0 0.0 0.0 0.0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0.0 0.0 0.0 0.0 0.0 0.0
0 0 0 0 0 0
4 25 2 0 0 0
0 0 0 2 8 5
0 0 0 0 0 0
75 37 20 28 29 0
6 6 0 7 10 8
0 0 0 0 0 0
0 0 0 0 0 0
2 0 0 0 0 0
0 0 0 0 0 0
6 12 2 2 5 3
0 0 0 0 0 0
0 6 0 0 0 0
4 0 0 0 0 0
0 0 0 0 0 0
9 9 0 0 0 0
4 3 0 5 i3 0
i10 98 24 44 65 16
41.8 61.3 92.3 32.6 50.4 45.7
0 0 0 9 0 3
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 9 0 3
0.0 0.0 0.0 6.7 0.0 8.6
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 5 0 0
0 0 0 5 0 0
0.0 0.0 0.0 3.7 0.0 0.0
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VI- I . Palaeoenvironmental change in the East China Sea during
the Holocene
VI- II . History of harmful dinoflagellate appearance
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I . INTRODUCTION
Fossil groups used in the recognition of environment or climatic change in
the marine realm include planktonic and benthonic foraminifers, ostracodes,
molluscs, coccoliths, and diatoms (Harland 1988). Dinoflagellates are
increasingly utilized in gaining palaeoceanographic infonnation from the cyst
analysis, because these marine planktonic algae contain genera and species that
produce hypnozygotic cysts that are resistant to bacterial decay and hence with
fossilization potential (Harland 1988). Wilpshaar & Leereve1d (1994)
concluded that changes in physical and chemical features of water masses are
reflected in the distribution pattems of dinoflagellate cysts, therefore,
quantitative analysis of dinoflagellate cyst assemblages can provide
information regarding palaeoenviromnents. Matsuoka (1999) and Matsuoka &
Kim (1999) attempted to read eutrophication processes recorded in
assemblages of dinoflagellate cysts by analyzing core sediments that were
taken from Japan coasts.
In the East China Sea, Xu & ada (1999) reconstructed surface water
history based on planktic foraminiferal evidence since 36,000 years ago.
Matsuoka (1994) described Holocene dinoflagellate cyst assemblages in a core
taken from Mine Bay of Tsushima Island, Japan. Nevertheless, few
investigations have been carried out to clarifY palaeoenvironmental conditions
in the East China Sea. Hence, in this paper we attempted to re-establish history
of environmental changes recorded in dinoflagellate cyst assemblages,
analyzing three cores collected from the central, east (Omura Bay) and north
(Nita Bay) parts of the East China Sea.
II . MATERIALS
A total of one 112 sediment samples were analyzed in this study. Eighteen
samples were taken from St. 11 core (31 °44 / 54" N, 126°E), which was
collected by a piston corer equipped in a T/V of Nagasaki Maru belonging to
Nagasaki University, May 1996. The length of St. 11 core was 3.77m, of that
was used from top to 2m. Water depth was 76 m (Yada et al. 1998). The core
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sediment was generally composed of homogeneous mud with thin sand layers
and sporadically lying shell fragments. Another one was 9700M6 core
(32°59' 34" N, 129°53' 34" E) in length of 9.99m, taken from the eastem
part of Omura Bay, west Japan, by a piston corer in November 1997. Forty-
three samples were analyzed from the core. The water depth was 18.5m. The
other one (TN core) was bored at 34°59' 52" Nand 129°20' 15" E, and 2m
in water depth, from Nita Bay of the Tsushima Island, Japan in 1994. Saito et
al. (1995) carried out sequence stratigraphic analysis on TN core. Forty-one
sediment samples till the depth of 35.53m were processed to analyze
dinoflagellate cysts in the core. Figure 2-1 shows the locations of the sampling
sites of three cores.
III. METHODS
Sediment samples were taken with cubes (2.4cm in width) from top of St.
11 and 9700M6 cores (Fig. 2-2). Cubes put into the sediments of the cores to
cut an even thickness of 2.4cm. In St. 11 core, eighteen cubes were selected for
analysis of samples. As a result, each interval of the sample was 9.5cm, except
7.1cm between sample no. 1 and no. 2. In 9700M6 core, at every 17.6cm
interval were cubes taken, except sample no. 2, no. 38 and no. 40, which were
10cm distant from the before one. Different from the two cores, TN core was
cut to have irregular intervals between sediment samples, but with all sediment
thickness of 5 cm, except the sample no. 17 and no. 19, which had 4 and 6cm
in thickness, respectively. All sediment samples were preserved at the
refrigerator until the treatment for the microscope experiment was undertaken.
All the samples were processed with the palynological method of
Matsuoka et al. (1989). Some amount of the sediment was dried at 70°C for a
day and weighed to determine absolute sediment content rate. The rest
sediment was transferred into a 100mI beaker and rinsed out with distilled
water to remove salt. 10% hydrochloric acid (HCI) and ca. 47% hydrofluoric
acid (HF) were added to remove calcium carbonate (eg. shell fragments and
foraminiferal rests) and silicate materials (eg. sand particles and diatom
frustules), respectively. Until a neutral condition, it was rinsed out with
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distilled water, and then mixed with distilled water to make sluny. After
sonication of the slurry for 30 seconds using Sharp Ultrasonic Cleaner, it was
sieved through 125~m and 20~m opening meshes. The residual material on the
20~m opening mesh was moved into a 10mI vial with a pipette to suspend it
up finally 10ml with distilled water.
Dinoflagellate cysts were identified and enumerated in 0.5ml or 1ml of the
final slurry under an Inverted Microscope (Olympus IX70) at magnifications
of 200, 400 and 600 times. Cyst concentration in the sediment was expressed
as number of cysts per gram of dry sediment.
N. CHRONOLOGY
The sediment ages of the core sediments were estimated by a company
using radiocarbon C4C) measurement to shell fragments. Figure 2-3 shows
radiocarbon dates of core sediments, from which sedimentation rates are
calculated. In St. 11 core, horizons of 0Al and 1.99 m in depth had
radiocarbon ages of 1940+90 yr BP and 9230+ 130 yr BP, respectively. In
9700M6 core ages of four horizons in the core were analyzed, from which
sedimentation rates were gained. Radiocarbon dates of sediments in TN core
were cited from Saito et al. (1995). On the basis of the ages, the sedimentation
rate between the horizons was estimated approximately 0.221mn/y. Adding to
radiocarbon ages, the data of 6300 yr BP for a volcanic ash layer was also
considered to calculate sedimentation rates, whose horizons were 5Am in
9700M6 core and 26A6m in TN core (Saito et al. 1995). The highest
sedimentation rate was obtained in TN core, 3.28 to 5.081mn/y, others ranging
from 0.64 to 1.061mn/y in 9700M6 core and 0.22nun/y in St. 11 core. The
difference of sedimentation rates probably caused from the location of the
cores that St. 11 core yielding the lowest sedimentation rate was bored at the
continental shelf of the East China Sea, while the other two cores were
produced in bays, directly influenced by river run-off.
From the sedimentation rates in three cores, we estimated the age of each
sediment sample (Table 2-1). Sample no. 41 (35A8 to 35.53m in depth) in TN
core had the estimated age of 9065 yr BP In the cases of St. 11 and 9700M6
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cores, mean values of sedimentation rates were used to the samples in bottom
because radiocarbon measurement did not cover bottom sediments in the cores.
In St. 11 core, the deepest sediment sample (no. 18) was estimated to
accumulate 9373 years ago. In 9700M6 core, the oldest horizon, which
showed dinoflagellate cysts, was 9067 yr BP.
V. RESULTS
The assemblage in St. 11 core consisted of the following six dinoflagellate
cyst-based groups: gonyaulacoid, tuberculodinioid, calciodinellid,
protoperidinioid, diplopsalid and gymnodinioid groups (Fig. 2-4, Appendix 2-
1). Total of 24 species in 16 genera consisted of the groups. Among them,
gonyaulacoid group occupied ranging from 71.4% to 96.3% in relative
abundance through the core. The cyst concentration had two prominent peaks
at the sample no. 16, the depth of 1.761 to 1.785m (1348 cysts/g) and the
sample no. 4, the depth of 0.333 to 0.357m (812 cysts/g). The lowest value
(174 cysts/g) was found at the sample no. 10, 1.047 to 1.071m in depth.
Species number varied from six to twelve at the sample no. 5 and no. 15,
respectively, without any significant difference else throughout the core. The
relative abundance and concentration of dominant dinoflagellate cysts are
depicted in Figure 2-5. The most dominated taxon was Spiniferites of the
gonyaulacoid group. The concentration of another gonyaulacoid cyst,
Operculodinium centrocarpum sensu Wall et Dale showed oscillation with
gradual decrease toward the top of the core. But the relative frequency of O.
centrocarupm fluctuated with no obvious change. Scrippsiella trocoidea
(Stein) Loeblich ill of the calciodinellid group appeared to increase at the low
occupation layer of Spiniferites and showed high relative abundance over
26.3% at the layer. Tuberculodinium vancampoae (Rossignol) Wall and cysts
of heterotrophic species showed similar variations between relative frequency
and cyst concentration.
Forty species belonging to 2] genera in seven dinoflagellate cyst-based
groups were identified in 9700M6 core (Fig. 2-4, Appendix 2-2). The
assemblage was dominated by Spiniferites and T vancampoae, with conU110n
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0. centrocarpum, S. trocoidea, Brigantedinium spp. and Lingulodinium
machaerophorum (Deflander & Cookson) Wall. Several cysts of Spinijerites
including S. bulloideus, S. hyperacanthus (Rossignol) Sarjeant and S. mirabilis
(Rossignol) Sarjeant occurred abundantly. As different from St. 11 core, the
relative frequency of the gonyaulacoid, however, never occupied
overwhelmingly almost proportion, but with rather common frequencies
composed of other groups. The maximum cyst concentration, 2591 cysts/g,
was recorded at the sample no. 22 (4.1 to 4. 124m). From the bottom of the
core sediment to the depth of 7.3 to 7.324m (sample no. 39), no dinoflagellate
cyst was found, while the cyst concentration showed an abrupt increase above
this horizon and kept in high abundance to a horizon of 3.7 to 3.724m (sample
no. 20). Then, the cyst concentration dropped to 361 cysts/g at a horizon of 3.3
to 3.324m (sample no. 18). It fluctuated toward the top of the core within 1185
cysts/g, but reached more than 2029 cysts/g at the top. The number of cyst
species was rather constant throughout the core without large changes as in St.
11 core, except a sudden increase at the top. The relative abundance and
concentration of the dominant dinoflagellate cysts are depicted in Figure 2-6.
Spinijerites had a similar pattem to the total dinoflagellate cyst concentration.
0. centrocarpum decreased gradually to upward of the core. T. vancampoae
increased at the horizon of 4.7 to 4.724m (sample no. 25). The cysts of
heterotrophic species increased in concentration abruptly at the top, consisting
mostly of protoperidinioid with diplopsalid and gymnodinioid (Polykrikos
spp.) cysts.
More than 20 species in 11 genera were observed in TN core (Fig. 2-4,
Appendix 2-3). The concentration of dinoflagellate cysts in TN core was
expressed as per weight of wet sediment, different from the above two cores,
which were calculated per weight of dry sediment. Although cyst
concentrations in TN core per gram of wet sediment are difficult to compare
with others, distribution tendency of cyst concentrations can be compared
among the three cores because water content generally varies significantly
restricted to the upper core, else with constant low amount throughout a core.
In spite of low concentration, dinoflagellate cysts were found from the bottom
of TN core. And then, it showed abrupt increase with maximum, 403 cysts/g,
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at the horizon of 26.02 to 26.07m (sample no. 23). The cyst concentration
decreased until a horizon of 21.19 to 21.24m (sample no. 18), and gradually
decreased again toward the top of the core. Spiniferites cf. delicatus Reid of
the gonyaulacoid group was the most dominant species. The gonyaulacoid
group occupied the most proportion of the cyst composition, and below a
horizon of 28.65 to 28.7m (sample no. 27) it occupied 100% to the bottom of
the core.
VI. DISCUSSION
VI- I . Palaeoenvironmental change in the East China Sea during the Holocene
Estimated from radiocarbon dating of three cores, sediment samples were
included in the Holocene. Dinoflagellate cysts, observed in three cores, were
extant species. They often occur in surface sediments in the East China Sea
and adjacent coastal areas (Matsuoka 1992, Matsuoka 1994, Kim & Matsuoka
1998). Dinoflagellate cyst concentration in three cores were mainly controlled
by Spiniferites, as seen from that variation of the Spiniferites concentration
through three cores resembled the patterns of total cyst concentration. Another
dominant cyst was Tuberculodinium vancampoae, which is classified as
tropical to subtropical estuarine species (Wall et al. 1977, Matsuoka 1992). T
vancampoae can be used as an indicator of the Tsushima Current, because this
Current is a main branch of the Kuroshio Current, which originates from the
North Equatorial Current in the western Pacific and carries wann and saline
water flowing east of Taiwan and entering the Okinawa Trough towards the
north (Jian et al. 2000). T vancampoae clearly increased within the period
from 8300 to 5000 yr BP in cores St. 11 and 9700M6. The variation of the
concentration of T vancampoae probably indicates the movement of the warnl
Tsushima Current.
Radiocarbon chronology showed that no dinoflagellate cyst was found till
ca. 9000 yr BP (sample no. 38) from the bottom of 9700M6 core (Table 2-1).
This indicates that seawater entered to Omura Bay at least ca. 9000 years ago.
Despite the low concentration, dinoflagellate cysts appeared from the bottom
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sediment of TN core. According to Saito et al. (1995), the TN site at Nita Bay
of Tsushima Island was a tidal flat ca. 9000 years ago. Putting these together,
invasion of seawater into Nita Bay occurred around this time. But seawater
already soaked the St. 11 site ca. 9000 years ago based on occurrence of
marine dinoflagellate cysts, whose concentration was more than 477 cysts/g.
In spite of different lengths of three cores, radiocarbon ages in bottom of
the cores had not so significant difference. This is due to the different
sedimentation rates in three cores. High sedimentation rate results in dilution
of cyst concentration in sediment. Twofold increase in the maximum cyst
concentration of 9700M6 core for that of St. 11 core cannot be explained by
fourfold higher sedimentation rate of 9700M6 core, but eightfold increase in
the accumulation rate of cyst in 9700M6 core must have occurred. This
means that not sedimentation rate but cyst production mainly controls the cyst
concentration in the study area.
Figure 2-7 shows changes of cyst concentration according to time through
three cores. Abrupt increase of cyst concentration in St. 11 core, which was
changed from 409 to 1348 cysts/g, began at ca. 8300 yr BP (sample no. 16). In
9700M6 core of Omura Bay cyst concentration also increased abruptly from
500 to 1486 cysts/g at ca. 8300 yr BP (sample no. 35). On the other hand, TN
core showed increase of cyst concentration at ca. 6200 yr BP (sample no. 23).
The abrupt increases of cyst concentration in the present cores at ca. 8300 yr
BP (St. 11 core and 9700M6 core) may imply the marine environmental
change. Broecket et al. (1988) concluded that the abruptness in the biological
change (eg. planktonic foraminifera) according to time was due to a change in
climate. Matsuoka (1992) suggested the development of the Tsushima Current
at ca. 8000 yr BP, based on increase of dinoflagellate cysts obtained from the
sediment core at Mine Bay of Tsushima Island. Differing from the result of TN
core, this change coincided with that of St. 11 or 9700M6 core, and the abrupt
increase of cyst concentration at ca. 8300 yr BP may be resulted from
development of the Tsushima Current. The increase zones commonly
continued roughly to ca. 5000 yr BP in three cores. The strengthened Tsushima
Current brought significant amounts of terrigenous materials, hence greatly
increasing the sedimentation rate in the period from 8300 to 5000 yr BP (Fig.
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2-3). Although a few samples for age measurement prevented detailed analysis
of sediment ages as like in St. 11 core, sedimentation rates of 9700M6 and
TN cores increased in the period. Furthennore, the input of terrigenous
materials was probably accompanied by nutrient increase. According to Mao &
Harland (1993), cysts of heterotrophic dinoflagellate allow the recognition of
times during which the nutrient supply may have been enhanced. Therefore,
the increase of heterotrophic dinoflagellate cysts in the abrupt increase zone
may indicate supply of nutrients in the period. Supported by high
concentration of nutrient from 8300 to 5000 yr BP, total cyst concentrations
also abruptly increased in the cores.
Since ca. 5000 yr BP cyst concentrations maintain more constant variation
to the tops. Jian et al. (2000) reported that a planktonic foraminifera sharply
decreased from the southern and northern Okinawa Trough during 4.6-2.7 kyr
BP, implying that the influence of the Kuroshio Current weakened at that time,
possibly as a result of the intensified winter monsoon. This decrease coincided
with the result by dinoflagellate cyst concentration in the present study.
After common abrupt increase of cyst concentration from 8300 yr BP to ca.
5000 yr BP in three cores, dinoflagellate cyst concentration may be influenced
by local enviromnental changes, particularly due to human activities as at the
top of 9700M6 core, which showed sharp increase of heterotrophic
dinoflagellate cysts. Kim & Matsuoka (1998) reconstructed the history of
eutrophication process in Omura Bay during the last 350 years. They
concluded that eutrophication accelerated between 40 and 20 yr BP in Omura
Bay, based on the increase of relative abundance of the heterotrophic
dinoflagellate cysts due to artificial nutrient input. In 9700M6 core of Omura
Bay, the relative frequency of the heterotrophic group at the top of the core did
not exceed the average fluctuation range in spite of the increase, while the cyst
concentration accelerated at the top of the core beyond the average oscillation
range. Therefore, not relative frequency but cyst concentration reflects clearly
the phenomenon of environmental change such as nutrient supply.
VI- IT . History of harnlful dinoflagellate appearance
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Spiniferites and ellipsoidal cysts of Alexandrium mostly abounded in the
area, particularly the motile cells of ellipsoidal Alexandrium cysts, A. catenella
and/or A. tamarense, frequently induce paralytic shellfish poisoning at the
coastal areas of west Japan (Kotani et al. 1998). In St. 11 core, ellipsoidal
Alexadrium cysts were found in a horizon of 1.523 to 1. 547m (sample no. 14)
ca. 7200 yr BP (Appendix 2-1). Then, the ellipsoidal cysts disappeared to a
depth of 0.119 m (sample no. 2), and occurred again at the top of the core. On
the other hand, in 9700M6 core the Alexandrium cysts were found later than
St. 11 core at ca. 1500 yr BP (sample no. 5) (Appendix 2-2), which appeared
again at the top of the core. As another cyst of hannful dinoflagellates, cysts of
Cochlodinium were also found at a horizon of 0.7 to 0.724m (sample no. 5) in
9700M6 core. Cochlodinium is a notorious causative species of annual
occurrence of red tides at the southern Korean coast. From above, it is
recognized that cysts of harmful bloom-forming dinoflagellate species




Cyst concentration and estimated age of sediment sample in three cores.
Core Sample Core depth Cone. Estimated Core Sample Core depth Cone. Estimated
no. (-m) (cysts/g) age (yrBP) no. (-m) (cysts/g) age (yrBP)
SI.11 1 0 0.024 232 9700M6 39 7.3 7.324 0
2 0.095 0.119 282 40 7.4 7.424 0
3 0.214 0.238 598 41 7.5 7.524 0
4 0.333 0.357 812 42 7.7 7.724 0
5 0.452 0.476 684 2244 43 7.9 7.924 0
6 0.571 0.595 512 2793 44 8.1 8.124 0
7 0.690 0.714 335 3341 45 8.3 8.324 0
8 0.809 0.833 268 3889 46 8.5 8.524 0
9 0.928 0.952 337 4438 47 8.7 8.724 0
10 1.047 1.071 174 4986 48 8.9 8.924 0
11 1.166 1.190 515 5534 49 9.1 9.124 0
12 1.285 1.309 661 6083 50 9.3 9.324 0
13 1.404 1.428 667 6631 51 9.5 9.524 0
14 1.523 1.547 683 7180 52 9.7 9.724 0
15 1642 1.666 1290 7728 53 9.9 9.924 0
16 1.761 1.785 1348 8276 TN 1 1.52 1.57 13
17 1.880 1.904 409 8825 2 2.08 2.13 34
18 1.999 2.023 477 9373 3 3.08 3.13 18
9700M6 1 0 0.024 2029 4 5 5.05 0 2081
2 0.1 0.124 889 5 6.15 6.2 18 2308
3 0.3 0.324 837 6 9.2 9.25 0 2908
4 0.5 0.524 1045 7 10.14 10.19 46 3093
5 0.7 0.724 1018 8 11.14 11.19 56 3290
6 0.9 0.924 978 9 12.1 12.15 61 3479
7 1.1 1.124 611 1718 10 13.34 13.39 32 3723
8 1.3 1.324 909 1988 11 14.14 14.19 82 3881
9 1.5 1.524 595 2258 12 15.1 15.15 90 4070
10 1.7 1.724 1185 2528 13 16.1 16.15 88 4267
11 1.9 1.924 561 2799 14 17.1 17.15 49 4463
12 2.1 2.124 944 3042 15 18.17 18.22 92 4674
13 2.3 2.324 780 3270 16 19.06 19.11 99 4849
14 2.5 2.524 982 3498 17 20.04 20.08 66 5040
15 2.7 2.724 957 3726 18 21.19 21.24 46 5269
16 2.9 2.924 800 3955 19 22.14 22.2 115 5457
17 3.1 3.124 453 4143 20 23.05 23.1 241 5635
18 3.3 3.324 361 4333 21 24.05 24.1 299 5831
19 3.5 3.524 714 4523 22 25.05 25.1 309 6028
20 3.7 3.724 1155 4712 23 26.02 26.07 403 6219
21 3.9 3.924 1607 4902 24 27.17 27.22 75 6532
22 4.1 4.124 2591 5091 25 27.57 27.62 97 6654
23 4.3 4.324 1385 5281 26 28.15 28.2 30 6830
24 4.5 4.524 2240 5470 27 28.65 28.7 12 6983
25 4.7 4.724 2471 5660 28 29.17 29.22 24 7141
26 49 4.924 2000 5850 29 29.57 29.62 11 7263
27 5.1 5.124 766 6039 30 30.15 30.2 26 7440
28 5.3 5.324 1765 6229 31 30.5 30.55 0 7547
29 5.5 5.524 1042 6493 32 31.1 31.15 6 7730
30 5.7 5.724 1347 6805 33 31.5 31.55 11 7852
31 5.9 5.924 2033 7116 34 32.1 32.15 7 8035
32 6.1 6.124 1194 7428 35 32.5 32.55 21 8157
33 6.3 6.324 1593 7739 36 33.1 33.15 16 8340
34 6.5 6.524 1467 8051 37 33.5 33.55 28 8462
35 6.7 6.724 1486 8362 38 34.1 34.15 10 8645
36 6.9 6924 500 8674 39 34.5 34.55 15 8766
37 7.1 7.124 514 8946 40 35.08 35.13 6 8943
38 7.2 7.224 96 9067 41 35.48 35.53 17 9065
FIGURE 2-1. Locations of three cores: 81. 11 core in the East China Sea,
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FIGURE 2-3. Changes of sedimentation rates through three cores.
St. 11 core 9100M6core TN core
relative frequency (%) cyst conc. (cysts/g) relative frequence (%) cyst conc. (cysts/g) cyst conc. (cysts/g)*
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FIGURE 2-4. Relative frequencies, total cyst concentrations (circle with solid line) and species number (circle with dashed line)
throughout three cores, St. 11 core, 9700M6 core and TN core. In the relative frequencies, dinoflagellate cyst-based groups are divided
in with autotrophic motile cell and heterotrophic motile cells. And they are expressed as symbols: in autotrophic species, gonyaulacoid
(bold rectangular dots), tuberculodinioid (biased bold lines), calciodinellid (small dots), gymnodinioid (black shade); in heterotrophic
species, protoperidinioid (scattered lines with three dots), diplopsalid (white space), gymnodinioid (lateral lines).
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FIGURE 2-5. Relative frequency and cyst concentration patterns of dominantly






























































FIGURE 2-6. Relative frequency and cyst concentration patterns of dominantly
present dinoflagellate cysts throughout the 9700M6 core.
FIGURE 2-7. Comparison of total cyst
concentrations in three cores of 81. 11, 9700M6
and TN, according to estimated sediment ages
(yr BP) at every 1000 years from 9000 BP to
4000 yr BP.
The asterisk (*) in TN core indicates cyst
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Dinoflagellate cyst composition and concentration (cysts/g) at the St. 11 core.
species,,",sample no. 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Gonyaulacoid group
A/exandrium sp. 1 (ellipsoidal) 12 4 a a 0 0 0 a 0 a 0 0 a 10 a 0 0 0
/mpagidin/um spp. a a a a 0 0 0 10 0 a 10 8 a a 10 0 a 0
Ungu/odinium machaerapharum 4 4 a 0 a a 0 0 a a 0 a a a 10 a a 14
Spiniferites bentarii a 0 a a 0 0 0 10 11 a 0 8 a a 10 15 a 0
bullaideus 104 130 282 502 368 246 134 21 139 27 289 301 275 378 680 622 79 246
hyperacanthus a 0 33 19 9 10 0 a 16 27 0 0 21 a 20 0 8 14
mirabilis a 4 a a 0 10 19 10 11 9 0 25 32 a 60 37 a 28
ramasus 15 8 66 116 60 59 19 21 27 18 31 33 21 a 30 89 24 21
spp. 58 97 166 116 205 118 86 103 16 37 62 184 190 204 360 437 236 98
Opercu/odinium cenfracarpum 8 17 25 a 17 30 10 31 11 9 31 25 63 10 60 74 31 21
crassum a 0 a 0 0 0 0 0 5 a 0 0 0 0 0 0 a 0
israelianum a 0 a a 0 a 0 0 5 a 0 0 a a 0 a 0 0
subtotal 201 265 573 754 658 473 268 206 241 128 423 586 603 602 1240 1274 378 442
% 86.7 94.0 95.8 92.9 96.3 92.3 80.0 76.9 71.4 73.7 82.0 88.6 90.4 88.1 96.0 94.5 92.3 92.7
Tuberculodlnioid group
TUbercu/adinium vancampaae 4 0 a 29 0 a 10 21 32 a 52 33 0 61 20 37 8 a
% 1.7 0.0 0.0 3.6 0.0 0.0 2.9 7.7 9.5 0.0 10.0 5.1 0.0 8.9 1.6 2.7 1.9 0.0
Calclodinellld group
Scripssiella fracoidea 15 13 17 10 26 30 57 41 64 46 41 42 32 10 20 30 16 14
% 6.7 4.4 2.8 1.2 3.8 5.8 17.1 15.4 19.0 26.3 8.0 6.3 4.8 1.5 1.6 2.2 3.8 2.9
Autotrophic total 220 277 589 792 684 502 335 268 337 174 515 661 635 673 1280 1341 402 456
Auto % 95.0 98.3 98.6 97.6 100.0 98.1 100.0 100.0 100.0 100.0 100.0 100.0 95.2 98.5 99.2 99.5 98.1 95.6
Protoperidiniold group
Brigantedinium majuscu/um 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 a 0
spp. 4 a a 10 0 a 0 0 a a 0 a 21 a 0 a 8 14
Prataperidinium spp. 0 0 0 0 0 0 0 0 0 0 0 0 11 0 0 0 0 0
Quinquecuspis caneretum a 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Se/enapemphix quanta a a 0 0 0 a 0 0 0 a 0 a 0 10 10 a 0 a
Stelladinium reidii 4 0 0 0 a 0 0 0 0 0 0 0 0 0 0 0 0 0
Vatadinium calvum 4 4 a 0 a 0 0 0 0 0 0 0 a 0 0 0 a 0
subtotal 12 4 0 19 0 0 0 0 0 0 0 0 32 10 10 7 8 14
% 5.0 1.5 0.0 2.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.8 1.5 0.8 0.5 1.9 2.9
Diplopsalid group
Diplapelta parva 0 0 8 0 0 0 0 0 0 0 0 0 0 0 0 a 0 a
Diplapsalis lenticula a a a a a 0 a 0 a a 0 a 0 0 a a a 7
subtotal 0 0 8 0 0 0 a 0 0 a 0 0 a 0 a 0 a 7
% 0.0 0.0 1.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.5
Gymnodiniold group
Palykrikas sp. (reticulum) a a a 0 a 10 a a a a 0 a a a 0 a 0 a
% 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0
Heterotrophic total 12 4 8 19 0 10 0 0 0 0 0 0 32 10 10 7 8 21
Hetero % 5.0 1.5 1.4 2.4 0.0 1.9 0.0 0.0 0.0 0.0 0.0 0.0 4.8 1.5 0.8 0.5 1.9 4.4
TOTAL 232 282 598 812 684 512 335 268 337 174 515 661 667 683 1290 1348 409 477
APPENDIX 2-2.
Dinoflagellate cyst composition and concentration (cysts/g) at the 9700MB core.
species,,",sample no. 2 3 4 5 6 7 8 9 10 11
Gonyaulacoid group
Alexandrium sp. 1 (ellipsoidal) 58 0 0 0 36 0 0 0 0 0 0
sp. 2 (oYoid) 0 37 0 0 0 0 0 0 0 0 0
Ungulodinium machaerophorum 19 0 0 45 36 0 56 0 0 74 35
Spiniferites bentorii 0 0 0 0 0 0 0 0 0 0 0
bulloideus 39 0 0 45 0 0 56 61 54 111 0
delicatus 0 0 0 0 0 0 56 0 0 0 0
cf. delicatus 39 0 0 91 0 0 0 0 0 37 0
elongatus 39 0 47 91 73 89 0 0 0 37 0
hyperacanthus 78 74 93 0 0 133 0 0 54 37 105
membranaceus 19 0 0 0 0 0 0 61 0 37 0
mirabilis 117 0 0 227 73 44 0 61 108 37 35
ramosus 0 0 0 0 0 0 0 0 54 0 0
spp. 39 111 186 91 36 89 0 182 54 111 70
Operculodinium centrocarpum 59 37 0 91 145 44 111 121 0 111 105
israelianum 20 0 0 0 0 0 0 0 0 0 0
subtotal 527 259 326 682 400 400 278 485 324 593 351
% 26 29 39 65 39 41 45 53 55 50 63
Tuberculodinioid group
Tuberculodinium vancampoae 487 407 326 318 327 222 56 61 0 185 140
% 24 46 39 30 32 23 9 7 0 16 25
Calclodinellid group
Scripssiella trocoidea 214 37 140 0 73 44 56 121 162 148 35
% 11 4 17 0 7 5 9 13 27 13 6
Gymnodinlold group
Gochlodinium sp. 0 0 0 0 36 0 0 0 0 0 0
Phaeopolykrikos hartmannii 59 37 0 0 36 89 56 0 0 37 0
subtotal 59 37 0 0 73 89 56 0 0 37 0
% 3 4 0 0 7 9 9 0 0 3 0
Autotrophic total 1286 741 791 1000 673 756 444 667 466 963 526
Auto % 63 83 94 96 86 77 73 73 82 81 94
Protoperidinlold group
Brigantedinium americanum 0 0 0 0 0 0 0 0 0 0 0
cariacoense 0 0 0 0 36 44 56 0 0 0 0
majusculum 20 0 0 0 0 0 0 0 0 0 0
spp. 234 74 47 0 0 44 0 182 108 148 0
Lejeunecysta paratenella 0 0 0 0 0 0 0 0 0 0 0
Protoperidinium latissinum 20 0 0 0 0 0 0 0 0 0 0
Quinquecuspis cancretum 20 0 0 45 0 0 0 0 0 0 0
Selenopemphix alticintum 97 0 0 0 0 0 0 0 0 0 0
quanta 39 0 0 0 0 0 56 0 0 37 35
Stel/adlnium reidii 0 0 0 0 0 0 0 0 0 0 0
Trinovantedinium capitatum 20 0 0 0 0 0 0 0 0 0 0
Votadinium calvum 253 74 0 0 36 0 0 61 0 0 0
spino5um 0 0 0 0 0 0 0 0 0 0 0
Xandaradinium xantham 20 0 0 0 36 0 0 0 0 37 0
subtotal 722 148 47 45 109 89 111 242 108 222 35
% 36 17 6 4 11 9 18 27 18 19 6
Diplopsalid group
Diplopelta paIVa 0 0 0 0 0 0 0 0 0 0 0
Diplopsalis lenticula 0 0 0 0 0 0 0 0 0 0 0
Dubridinium capitatum 0 0 0 0 0 44 0 0 0 0 0
sp. 0 0 0 0 0 0 0 0 0 0 0
subtotal 0 0 0 0 0 44 0 0 0 0 0
% 0 0 0 0 0 5 0 0 0 0 0
Gymnodinioid group
Poiykrikos kofoidii (process) 0 0 0 0 0 0 0 0 0 0 0
kofoidii (shelf-like) 19 0 0 0 0 89 56 0 0 0 0
sp. 1 (reU culum) 0 0 0 0 36 0 0 0 0 0 0
subtotal 19 0 0 0 36 89 56 0 0 0 0
% 1 0 0 0 4 9 9 0 0 0 0
Heterotrophic total 741 148 47 45 145 222 167 242 108 222 35
Hetero % 37 17 6 4 14 23 27 27 16 19 6
Total 2029 889 837 1045 1018 978 611 909 595 1185 561
APPENDIX 2-2 (continued).
12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
56 0 73 43 100 75 0 0 56 33 45 0 0 39 125 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 68 0 43 33 0 66 0 0 98 182 51 120 118 83 85
0 0 36 0 0 0 0 0 0 66 0 0 120 0 0 0
0 68 0 0 0 0 0 0 0 0 0 0 40 0 0 0
0 34 36 0 0 0 0 0 0 98 0 0 0 0 0 0
167 0 73 43 67 38 0 36 28 33 136 51 160 0 83 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 36 56 33 45 103 40 39 83 43
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 43
111 169 182 87 67 0 164 71 197 98 227 0 120 314 292 85
167 102 145 87 167 38 33 286 282 459 727 256 320 392 250 0
0 0 0 0 0 0 0 0 0 0 45 0 0 0 83 0
500 441 545 304 433 151 262 429 620 918 1409 462 920 902 1000 255
53 57 56 32 54 33 73 60 54 57 54 33 41 37 50 33
278 102 73 43 67 38 33 36 113 295 545 564 360 1059 750 213
29 13 7 5 8 8 9 5 10 18 21 41 16 43 38 28
111 102 291 522 100 226 33 250 197 262 273 205 600 314 83 43
12 13 30 55 13 50 9 35 17 16 11 15 27 13 4 6
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 80 78 0 0
0 0 0 0 0 0 0 0 0 0 0 0 80 78 0 0
0 0 0 0 0 0 0 0 0 0 0 0 4 3 0 0
889 644 909 870 600 415 328 714 930 1475 2227 1231 1960 2353 1833 511
94 83 93 91 75 92 91 100 80 92 86 89 88 95 92 67
0 0 0 0 0 0 0 0 0 0 45 0 0 0 0 0
0 0 0 43 0 0 0 0 28 0 0 51 80 0 0 43
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 34 0 0 33 0 0 0 85 33 45 0 80 0 42 85
0 0 0 0 33 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 28 0 0 0 0 0 42 85
0 34 0 0 0 38 0 0 56 0 45 0 80 0 0 0
0 0 0 0 0 0 0 0 0 33 91 51 0 0 42 0
0 34 36 0 67 0 0 0 0 0 91 0 40 78 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 36 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 33 0 33 0 0 0 0 0 0 0 0 43
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 34 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 136 73 43 167 38 33 0 197 66 318 103 280 78 125 255
0 17 7 5 21 8 9 0 17 4 12 7 13 3 6 33
0 0 0 0 33 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 39 42 0
0 0 0 0 0 0 0 0 0 0 0 51 0 0 0 0
0 0 0 43 0 0 0 0 28 66 45 0 0 0 0 0
0 0 0 43 33 0 0 0 28 66 45 51 0 39 42 0
0 0 0 5 4 0 0 0 2 4 2 4 0 2 2 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
56 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
56 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
56 136 73 87 200 38 33 0 225 131 364 154 280 118 167 255
6 17 7 9 25 8 9 0 20 8 14 11 13 5 8 33
944 780 982 957 800 453 361 714 1155 1607 2591 1385 2240 2471 2000 766
APPENDIX 2-2 (continued).
28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
39 42 82 33 129 1.69 100 216 0 27 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
118 167 82 197 97 169 67 27 0 27 0 0 0 0 0 0
39 42 41 98 65 34 67 0 25 0 0 0 0 0 0 0
0 0 0 0 0 0 33 54 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
157 42 0 66 0 0 0 27 25 108 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
39 42 0 98 0 0 0 54 25 0 24 0 0 0 0 0
0 0 41 0 0 0 0 27 0 0 0 0 0 0 0 0
275 167 163 361 97 271 133 297 150 162 48 0 0 0 0 0
275 167 286 361 161 102 167 135 0 81 24 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
941 667 694 1213 548 746 567 838 225 405 96 0 0 0 0 0
53 64 52 60 46 47 39 56 45 79 100
235 167 122 328 290 407 300 189 25 27 0 0 0 0 0 0
13 16 9 16 24 26 20 13 5 5 0
275 42 82 230 194 169 300 108 100 27 0 0 0 0 0 0
16 4 6 11 16 11 20 7 20 5 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
39 83 0 33 32 0 33 0 0 0 0 0 0 0 0 0
39 83 0 33 32 0 33 0 0 0 0 0 0 0 0 0
2 8 0 2 3 0 2 0 0 0 0
1490 958 898 1803 1065 1322 1200 1135 350 459 96 0 0 0 0 0
84 92 67 89 89 83 82 76 70 89 100
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 82 33 0 68 33 0 0 27 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
118 42 122 66 32 68 167 189 75 27 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
39 0 41 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 33 0 0 33 27 0 0 0 0 0 0 0 0
39 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 42 122 33 0 68 33 81 25 0 0 0 0 0 0 0
0 0 41 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 27 0 0 0 0 0 0 0 0
78 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 41 33 0 0 0 27 25 0 0 0 0 0 0 0
0 0 0 33 32 0 0 0 0 0 0 0 0 0 0 0
275 83 449 230 65 203 267 351 125 54 0 0 0 0 0 0
16 8 33 11 5 13 18 24 25 11 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 25 0 0 0 0 0 0 0
0 0 0 0 32 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 32 0 0 0 25 0 0 0 0 0 0 0
0 0 0 0 3 0 0 0 5 0 0
0 0 0 0 0 34 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 32 34 0 0 0 0 0 0 0 0 0 0
0 0 0 0 32 68 0 0 0 0 0 0 0 0 0 0
0 0 0 0 3 4 0 0 0 0 0
275 83 449 230 129 271 267 351 150 54 0 0 0 0 0 0
16 8 33 11 11 17 18 24 30 11 0
1765 1042 1347 2033 1194 1593 1467 1486 500 514 96 0 0 0 0 0
APPENDIX 2-2 (continued).
44 45 46 47 48 49 50 51 52 53
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
APPENDIX2-3.
Dinoflagellate cyst composition and concentration (cysts/g)* at the TN core.
Species/Depth No. 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
Gonyaulacold group
Lingu/odinium machaerophorum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0 34 0 6
Spiniterites bentori 0 0 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 55 111 74 25 0 11 12 6
bulloideus 0 11 9 0 0 0 0 9 20 a a 7 0 0 0 0 a a a 5 26 a 6 0 6 0 a
cf. dellcatus 0 a 0 a 0 0 a 0 0 a a 15 7 10 64 36 49 11 0 68 17 7 252 17 a 0 a
hyperacanthus 0 a a a 12 0 9 19 10 a a 7 7 10 7 0 a a 34 27 9 20 13 0 11 6 a
mirabilis a a a 0 0 0 a 0 a a 8 a 14 10 7 9 a a a 5 0 a 6 8 0 6 a
ramosus a a a 0 a a a 0 a a a a 0 0 0 0 a a 7 0 0 0 a a a a a
spp. a 0 a 0 a a 0 19 10 8 0 15 20 0 7 36 a 17 34 64 94 168 63 a 6 0 0
Opercu/odinium centrocarpum a a a a a a a 0 10 24 0 15 7 a a 0 8 a 14 9 17 7 a a 11 0 a
crassum a a a 0 a a 9 0 10 a 0 a a a a 0 0 0 a 0 0 0 a 0 a 0 a
israellanum a a a a a a 9 9 0 a a a 0 a 0 a 0 0 0 0 0 0 a 0 0 0 a
sub total 0 11 18 0 12 0 28 56 61 32 8 60 54 29 85 81 57 29 95 232 274 275 371 25 80 24 12
% 0 33 100 67 60 100 100 100 10 67 62 60 92 82 88 63 82 96 91 89 92 34 82 80 100
Calciodinellid group
Scripssiella trochoidea 13 17 a a a a 9 a a 0 57 22 14 a a a a 0 14 a 0 34 25 25 17 a a
% 100 50 0 0 20 0 0 0 70 25 15 0 0 0 0 0 12 0 0 11 6 33 18 0 0
Autotrophictoial 13 28 18 0 12 0 37 56 61 32 66 82 68 29 85 81 57 29 108 232 274 309 396 50 97 24 12
Auto% 100 83 100 67 80 100 100 100 80 92 77 60 92 82 88 63 94 96 91 100 98 67 100 80 100
Protoperldlnloid group
Brigantedinium cariacoense a 0 a 0 0 a 0 a a a a a a a a a a 0 a a 9 a a a a 0 a
spp. a 0 0 0 a a a 0 a 0 8 7 14 19 7 a 8 11 7 9 a 0 6 25 a 6 a
Quinquecuspis concretum 0 a a a a a a a 0 0 0 0 7 0 0 0 0 0 0 0 a 0 0 0 a 0 0
Se/enopemphix quanta a 0 a a a 0 0 0 a 0 0 0 0 a 0 9 0 0 a a 9 a a a 0 a a
Votadinium ca/vum a a a a a a 0 a 0 a 0 a a a a 9 a 6 a a 9 a a a 0 0 0
sub total 0 0 0 0 0 0 a 0 0 0 8 7 20 19 7 18 8 17 7 9 26 0 6 25 0 6 0
% 0 0 0 0 0 0 0 0 10 8 23 40 8 18 13 38 6 4 9 0 2 33 0 20 0
Dlplopsalld group
Dubridinium caperatum 0 a a a 0 a 0 a a a 8 a a a a a 0 0 0 a 0 0 0 0 0 a a
% 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Gymnodlnlold group
Phaeopo/ykrikos hartmanii 0 0 a a 6 a 9 a a a a a a a a a a a a a a 0 0 a a 0 a
Po/ykrikos sp. (reticulum) 0 6 0 0 a a a 0 a a a 0 a a a a 0 a 0 0 0 a a 0 a a a
sub total 0 6 0 0 6 0 9 0 0 0 0 0 0 0 a 0 0 0 0 0 0 0 0 0 0 0 0
% 0 17 0 33 20 0 0 0 0 0 0 0 a 0 0 0 0 0 0 0 0 0 0 0 0
Heterotrophl c total 0 6 0 0 6 0 9 0 0 0 16 7 20 19 7 18 8 17 7 9 26 0 6 25 a 6 0
Hetero % 0 17 0 33 20 0 0 0 20 8 23 40 8 18 13 38 6 4 9 0 2 33 0 20 0
TOTAL 13 34 18 0 18 0 46 56 61 32 82 90 88 49 92 99 66 46 115 241 299 309 403 75 97 30 12
* cyst numbers per gram of wet sediment.
APPENDIX 2-3 (continued).
28 29 30 31 32 33 34 35 36 37 38 39 40 41
a a a a a a a a a a a a a a
6 a 17 a a a a a 16 a a a a a
a a a a a a a 7 a a a a a a
6 a a a a 11 7 a a 7 a a 6 9
a a a a a a a a a 7 a a a a
a a a a 6 a a a a a a a a 9
a a a a a a a a a a a a a a
12 11 a a a a a 1.4 a 14 10 15 a a
a a 9 a a a a a a a a a a a
a a a a a a a a a a a a a a
a a a a a a a a a a a a a a
24 11 26 a 6 11 7 21 16 28 10 15 6 17
100 100 100 100 100 100 100 100 100 100 100 100 100
a a a a a a a a a a a a a a
a a a a a a a a a a a a a
24 11 26 a 6 11 7 21 16 28 10 15 6 17
100 100 100 100 100 100 100 100 100 100 100 100 100
a a a a a a a a a a 0 a a a
a a a a a a a a a a a a a a
a a a a a a a a a a a a a a
a a a a a a a a a a a a a a
a a a a a a a a a a a a a a
a 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 a 0 0 0 0 0 0
a a a a a a a a a a a a a a
0 0 0 0 0 0 0 0 0 0 0 0 0
a a a a a a a a a a a a a a
a a a a a a a a a a a a a a
a 0 0 a a 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
24 11 26 0 6 11 7 21 16 28 10 15 6 17
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Po(vkrikos kofoidii Chatton is a dinoflagellate that produces a resting cyst
by sexual reproduction. Nevertheless, the morphological criterion for
identifying its cyst is somewhat confused. Cysts of predatory species of
Po(vlo-ikos commonly occur in coastal surface sediments. Two species are
known to produce cysts: P. kofoidii and P. schwartzii Biitschli. These cysts are
large, dark brown, and have an elongate body and a tremic archeopyle. In
addition, cysts of P. schwartzii have been reported to have a rough reticulate
ornament on the cell wall (Wall and Dale 1968~ Dale 1976~ Reid 1978~
Harland 1981~ Matsuoka 1985), and those of P. kofoidii to have isolated rod-
like, spinous processes (Morey-Gaines & Ruse 1980). However, Fukuyo
(1981) found that the motile fonn identical to P. kofoidii was genninated from
cyst with a reticulate ornamentation, which were usually attributed to the cysts
of P. sclnvartzii.
P. kofoidii, one of the predatory dinoflagellates, cOlmnonly breaks out at
worldwide coastal areas. Few ecological behaviors, however, have been
revealed yet. Phagotrophic dinoflagellates include both thecate species, for
example, Diplopsalis lenticula Bergh (NaustvoU 1998), Oblea rotunda
(Lebour) Balech ex Soumia (Strom & Buskey 1993), O:>.yphysis oxytoxoides
Kofoid (Inoue et al. 1993), Protoperidinium conicum (Gran) Balech and Proto.
depressum (Bailey) Balech (Gaines & Taylor 1984), Proto. cf divergens
(Jeong 1994), Proto. hirobis Abe (Jacobson & Anderson 1993) and
Protoperidinium spp. (Jacobson & Anderson 1986), and naked species, for
example, Gymnodiniumfungiforme Anissinova (Spero & Moree 1981). Food
items used in the previous papers ranged from diatoms, dinoflagellates, even to
ciliated protozoa and copepod eggs (Table 3-1). So far three main feeding
mechanisms have been discovered in phagotrophic dinoflagellates: engulfment
of an intact prey item, sucking out the contents of a prey item through a
peduncle (feeding tube), or enveloping prey with a pallium which is sometimes
called a feeding veil or pseudopod (Jacobson & Anderson 1986~ Hansen 1992~
Naustvoll1998).
In many cases, phytoplankton blooms tenninate suddenly within a few
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days. For bloom-fonning phytoplankton, grazing is one of the major factors in
the decline of blooms as is sexual reproduction to produce non-dividing
gametes and planozygotes (Anderson et al. 1983; Frost 1991). P. kofoidii acted
as a bloom limiting factor for Gymnodinium catenatum Graham, and its
blooming and feeding on the toxic species may have enhanced toxin
depuration in the bivalves (Sampayo 1998). Grazing impacts of P. kofoidii on
a bloom of G. catenatum was also investigated by Matsuyama et al. (1999).
These results suggest that predation by P. kofoidii contributed to the cessation
of a G. catenatwn bloom. P. kofoidii was cultured with Scrippsiella trochoidea
Loeblich as food by Morey-Gaines & Ruse (1980). However, the feeding
behavior of P. kofoidii, its prey preferences and the growth rates on the preys
have not been described yet. Moreover, not all feeding allows P. kofoidii to
grow well.
The purpose of the study is threefold. First, the relationships are
reinvestigated between the cyst and the motile stage of P. kofoidii by means of
both a literature survey and incubation experiments. Second, some unclear
ecological points about this species are revealed, such as feeding mechanism
or growth rates, particularly on G. catenatum as a prey. And third, cell lysis of
P. kofoidii is described when feeding on the autotrophic and toxic
dinoflagellate, Alexandrium tamarense (Lebour) Balech to consider sudden
disappearance of the bloom at the natural conditions.
II . MATERIALS AND METHODS
A seawater sample that contained some cells of P. kofoidii, as well as
many G. catenatum, was collected from Funatsu Bay (Amakusa Island) in
Kyushu, west Japan in January 1998. The surface water temperature and
salinity at the sampling site were 13°C and 33.739"00, respectively. Preys in the
samples were identified as G. catenatum with the following morphological
features; an unannored, chain-fonning dinoflagellate with yellowish-brown
chloroplasts (Fig. 3-1). The cingulum was clearly visible with ends displaced
about one or two cingulum widths (left-handed). Cells measured 34 - 52 ~m in
length, 36 - 41 ~m in width and fonned a chain usually amOlmting to 2, 4, 8 or
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16 and sometimes odd numbers of cells. In a long chain the shape of cells
diminished in length, and became slightly wider than long. For the encystment
experiment, the sample was maintained in 50 ml SlUnilon No. Ms-2005R
plastic flasks at the culture conditions with the 12L:12D light cycle and 20°C.
After two days from the start of batch culture, motile cells of P. kofoidii
decreased in the water but cysts increased on the bottom of the culture flask.
The observations of these cysts were carried out, and took photomicrographs
using an Olympus IMT-2 Inverted Microscope equipped with SC35 Type 12
Camera at 200, 400 and 600 times magnification.
On the other hand, several living cysts of Polykrikos were picked out from
surface sediments of Omura Bay, west Japan for the excystment experiment by
Dr K. Matsuoka at Nagasaki University, Japan. The sediments were recovered
with a TFO corer, and the upper 2 cm of cores removed for observations.
Isolated cysts were inoculated into a culture dish filled with SW II medilUn,
and cultured lUlder the 14L:I0D light cycle and 20°C. After gennination, the
morphology of the motile cells was examined with an Olympus BID
Microscope. To establish variations in the surface omament of the cysts, many
specimens from the Omura Bay material were also examined. Cysts were
extracted following the procedures of Matsuoka et al. (1989).
An independent P. kofoidii culture with additional S. trochoidea as food
organisms was isolated from West Boothbay Harbor, Maine, U.S.A. by Dr
D.M. Jacobson at Woods Hole Oceanographic Institution, U.S.A. in November
1992 and used to measure maximal growth rates on various prey species.
Feeding experiments were perfonned during the following two months in 2 ml
lnicrowell plates at 18°C and observed over a period of 5 to 7 days with a
dissecting lnicroscope. Initially, starving 20 P. kofoidii were added to each
well along with dense suspensions of prey cultures (2000 cells mt1) to saturate
the predator's feeding response. Prey dinot1agellates were obtained from the
Provasoli-Guillard Center for Culture of Marine Phytoplankton (CCMP)
collection at Bigelow Laboratory in West Boothbay Harbor, Maine, and
maintained either in f/2 without silicic acid. The dinoflagellates were assumed
to be growing exponentially at a constant rate during the experiments;
accordingly, a specific growth rate, ~ (d- l ) could be calculated: ~ = (In Nt - In
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No) r1 where, t is incubation time (day); No is the initial concentration of a
predator; Nt is the final concentration of a predator after time t.
A strain of A. tamarense (ATHS-92) used in this experiment was
established from Hiroshima Bay in the Seto Inland Sea by Dr H. Takayama at
Hiroshima Fisheries Experimental Station, in 1992. Used this strain as a prey
for P. kofoidii, it is tried to reveal the reason of a sudden decrease of P. kofoidii
in the natural condition after the bloom. P. kofoidii was collected from Isahaya
Bay in western Kyushu, Japan, on 3 November, 1998. Actively swilmning P.
kofoidii were isolated using a capillary pipette and individually transferred into
multi-well tissue culture plates containing a dense suspension of the
autotrophic dinoflagellate, G. catenatum (700 cells ml· l ) isolated from a bloom
near Amakusa Island, western Japan, 1997. The P. kofoidii were cultured at
20De with constant lighting to a density of 60 indiv. mt\ and then starved
until no G. catenatum food particles remained in the body. Finally, 5 ml of
culture medium containing P. kofoidii was injected into 35 ml of an A.
tamarense suspension (approximately 2000 cells mt1) that was cultured in a 50
ml plastic flask at 20 De with constant lighting. The observations were
undertaken with an inverted microscope of Olympus IMT-2 Microscope.
As a literature survey on morphological characteristics of cysts of P.
schwartzii and P. kofoidii, we selected publications that described and
illustrated cysts from either or both species. Descriptions of the morphological
features, particularly surface ornament, were thus carefully checked in the
following publications:
i ) Cysts of Polylu-ikos schwartzii Botschli
Dale (1976): pI. 1, fig. 18
Reid (1978): p. 227; pI. 1, figs. 1-9
Harland (1981): pI. 1, figs. 1-9; pI. 2, figs. 1-9; pI. 3, figs. 1-4
Matsuoka (1985): p. 224-225; pI. 1, figs. 1-5
ii) Cysts of Polykrikos kofoidii Chatton
Morey-Gaines & Ruse (1981): p.230-231; figA
Fukuyo (1981): p.209; pIA, figs.7-9
Matsuoka (1985): p. 223-224; pI. 1, fig. 6; pI. 2, figs. 1-3
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ill. RESULTS
ill - I . Cyst morphology
Of the genus Po~vla'ikos, P. kofoidii and P. schwartzii are known to
produce resting cysts. These species share many morphological features in the
motile stage: both are pseudocolonial with two to eight, rarely more, pseudo-
cells, sometimes called zooids or units, and the number of nuclei is always half
of the number of pseudo-cells (Kofoid & Swezy 1921; Dodge 1982). Apart
from their pseudocolonial nature, the two species differ from other
gylml0dinialeans in having nematocysts (Kofoid & Swezy, 1921). According
to Kofoid & Swezy (1921) and Dodge (1982), P. schwartzii differs from P.
kofoidii in lacking cingular displacement, striations on the hypocone, and
having a nucleus placed at the left side. In the colony the number of nuclei is
usually half of the zooids (Kofoid & Swezy 1921; Morey-Gaines & Ruse
1980). The individual zooids, having Gymnodinium type of structure, differ
from many species of the genus Gymnodinium by their colonial habit and the
presence of nematocysts (Kofoid & Swezy 1921). The organisms that we
observed as a target species were large, naked, almost colorless, and ellipsoidal
to cylindrical in shape (Fig. 3-2). They were pseudocolonial, and consisted of
four, eight or rarely two zooids with the same number of cingula. The ends of
the cingula were displaced by twice their width. The sulcus was deep, narrow
and slightly curved rwming through the whole colonial body. The anterior part
of the body was rounded, while the posterior was flattened and curved inwards
in ventral view. There were 3 - 10 nematocysts located around the periphery of
the body. The length of a four-zooid colony was 73 - 128 ~m and the width 60
- 73 ~m. The nematocyst was a wasp-waisted bullet-like shape, sunnounted
by a small rectangular portion on the broader end. The length of nematocysts
was about 19~m. Most of the morphological features are COlmnon to P.
kofoidii and Polykrikos schwartzii Biitschli. However, due to the large cingular
displacement (Kofoid & Swezy 1921) we identified tlus species as P. kofoidii.
Table 3-2 sUlmnarizes the relationslup between cysts and their surface
ornament on the basis of literature survey and incubation experiments. Cysts
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ornamented with reticulum were first described and illustrated by Wall & Dale
(1968) as one of several new types of unidentified naked dinoflagellate resting
spores. This cyst type was markedly elongate-ovate, with the central body
measuring about 80 ~un in length and 40 !--lm in width, and was ornamented
with a very coarse, more or less distally open reticulum with muri walls of a
uniform height of around 10 ~tm. Later, Dale (1976) carried out a culture
experiment with living cysts obtained from Oslofjord, and suggested as a cyst
bearing reticulated wall produced a dinoflagellate referable to P. schwartzii.
However, Dale did not describe the motile cell in detail, so definitive
attribution to P. schwartzii is not possible. Reid (1978) reported the
geographical distribution and seasonal occurrences of the cyst of P. schwartzii
found in plankton samples collected by the Continuous Plankton Recorder
(CPR) at 10m depths in the North Atlantic and North Sea. Reid fully
described the morphology of the cyst in an appendix, noting that the cyst
reticulation showed variation in the size, shape and position of lumina. Harland
(1981) also described the wall stmcture and reticulate ornamentation of cysts
of P. schwartzii recovered from Recent sediments in the Firth of Forth,
Scotland. Harland counted the number of lumina per whorl in the three
examples, and suggested that the observed variation resulted from a doubling
of certain lumina within the regular whorled organization, thereby producing a
more complicated reticulation. The archeopyle stmcture (a tremic type
involving a circular or subcircular hole) in cysts of P. schwartzii and P.
kafaidii and the morphological features of both cysts were described and
named by Matsuoka (1985).
Subsequent to the above papers, cysts of P. schwartzii have been identified
based on the prominent feature of reticulate ornament. However, the
identification was based on the incomplete report for the incubation
experiments carried out by only Dale (1976). Morey-Gaines & Ruse (1980)
observed cyst fonnation of P. kofoidii through reproduction in an encystment
experiment using the photosynthetic dinoflagellate S. trochaidea (Stein) as a
prey. According to Morey-Gaines & Ruse, cysts of P. kofoidii and P.
schwartzii were similar, but P. kofaidii cysts had isolated spines, whereas cysts
of P. schwartzii had a network of ridges. Later, an excystment experiment was
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carried out by Fukuyo (1981) on brownish, elongated cysts ornamented with
coarse reticulation with muri of uniform height, which were identical to P.
schwartzii in previous criteria. But P. kofoidii, rather than P. schwartzii,
genninated from the cysts to fonn a colony with four zooids. Moreover,
Matsuoka (1985) pointed out that some cysts of P. kofoidii had an incomplete
network of ridges fonned by the periphragm, and suggested the possibility that
the cysts of P. kofoidii and P. schwartzii represent extreme end variation in
ornamentation.
In encystment experiment, P. kofoidii (Fig. 3-3a) produced cysts with
reticulate ornament (Fig. 3-3b). The cyst was dark brown, ellipsoidal, and 136
!-tm in length and 92 !-tm in width. Reticulate ornament covered the entire cyst
body, but the height of muri was shorter (13 /-tm) at the sides, and somewhat
longer (17 /-tm) at the poles. Nematocysts are occasionally attached to the
outside of cyst wall. These were probably ejected from the posterior sulcus
prior to cyst fonnation (Fig. 3-3b). For the excystment experiment, a
Polykrikos cyst was used, which was covered with an incomplete reticulate
ornament. The reticulum was incomplete towards the poles, where muri fonn
uncoill1ected transverse elements (Fig. 3-4a). The motile cell that genninated
from the cyst was identifiable as P. kofoidii, since it clearly showed cingular
displacement (Fig. 3-4b). The encystment and excystment experiments can
thus be smmnarized. P. kofoidii produced a cyst covered with complete
reticulate ornament~ tIns species can also genninate from a cyst with
incomplete reticulate ornament.
Four types of Polykrikos cysts in the surface sediments of Omura Bay. The
ornament varied from rod-like elements (Type 1: Fig. 3-5), to separate rows of
lmnina (Type 2: shelf-like ornament, Fig. 3-6~ Type 3: incomplete network,
Fig. 3-7), to a complete network (Type 4: Fig. 3-8). The shelf-like ornament
(Type 2) and the incomplete network (Type 3) were considered intern1ediate
variations between an ornament involving separate spinous processes (Type 1)
and one consisting of a complete network (Type 4). Muri of the complete
reticulmn (network) are completely intercoill1ected, but in intern1ediate fonns
the antero-posterior connections were broken down leaving rows of lmnina or,
sometimes, an incomplete reticulum.
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ill - II . Feeding behavior, growth rates and cell lysis of P. kofoidii
P. kofoidii used a nematocyst to pull the prey into its body through the
posterior sulcus, and finally engulfed it whole. Before capture, P. kofoidii
displayed a characteristic rapid, looping swimming behavior similar to other
heterotrophic species such as Gyrodinium spirale (Bergh) Kofoid et Swezy
(Hansen 1992) and Protoperidinium spp. (Jacobson & Anderson 1986). The
predator would loop rapidly in close proximity to a targeted prey before
swilmning off, towing the prey behind~ ingestion was completed within one
minute. Figure 3-9 documents the feeding process of P. kofoidii with four
zooids on a two-cell chain of G. catenatum. The chain broke and only one cell
was engulfed by the predator through the posterior sulcus (Fig. 3-9a, b). After
the feeding event, P. kofoidii and the remaining G. catenatum cell swam away
(Fig. 3-9c). This appears to explain the existence of G. catenatum chains
having odd numbers of cells. The shape of P. kofoidii changed due to feeding
as previously reported in another dinoflagellate species, G. spirale, by Hansen
(1992).
The role of nematocysts in the initial capture and subsequent towing of the
prey cell(s) was revealed as follows: some cells interrupted their engulfment
process, probably due to the high light intensities involved in microscopic
observations. Figure 3-10 shows the process of egestion. Capturing a chain of
G. catenatum consisting of four cells with a nematocyst, a P. kofoidii of four
zooids appeared to engulf the chain through the broadened posterior end (Fig.
3-lOa). Exposed to high light intensities in the microscope, the broadened
posterior end was reversed (Fig. 3-1 Ob) and the nematocyst was spat out
leaving a deep water-filled concavity that was subsequently interiorized in the
predator's body (Fig. 3-10c). The predator abandoned pulling the prey, and the
thin filament connecting the nematocyst to P. kofoidii elongated (Fig. 3-10d).
Finally the thin filament broke and P. kofoidii disappeared not having eaten the
prey~ the nematocyst was still attached on the prey with the rectangular end
adhering to the chain (Fig. 3-1Oe). Figure 3-10f shows non-motile G.
catenatum attacked by a nematocyst. Based on observations of nematocysts
93
discharged in the culture flask, a filament also links up with a rectangular end
of the nematocyst. We could not ascertain with our light microscopic
observation whether the filament plays the same role as a capture filament of
some Protoperidinium species, capturing prey prior to extension of a pallium,
as described by Jacobson & Anderson (1986). The nematocysts were
positioned on any part of the prey cell. When chains of prey cells longer than
eight cells were attacked, the nematocyst filament would sometimes break
during towing. The liberated G. catenatum chain later regained motility
following a series of brief back and forth movements, after which the
nematocyst became detached. G. catenatum sometimes bumped into P.
kofoidii but the latter did not indicate any attraction to the fonner. Moreover P.
kofoidii with almost ingested food particles neglected G. catenatum even while
swilmning close to it.
The growth response of P. kofoidii on a diverse assemblage of
dinoflagellate prey, representing over twenty species as well as G. catenatum
was tested (Table 3-3). It was classified in four categories: rapid growth,
moderate growth, none and death. A. fundyense was acutely lethal, and L.
polyedrum was an optimal food source. It is interesting to note the widely
varying feeding and growth responses to various strains of Alexandrium and
Prorocentrum. For example, several strains of Prorocentrum micans
Ehrenberg either supported moderate growths (CCMP688 and 692), failed to
support growth or were apparently avoided as food (CCMP691 and 693). The
results of these feeding experiments confinn the observations that G.
catenatum was an optimal food source for P. kofoidii, supporting a very rapid
growth rate in excess of 1 doubling per day, even faster than that supported by
the species S. trochoidea, routinely used to feed P. kofoidii.
In the experiment with A. tamarense as a prey, P. kofoidii started to hunt as
soon as they were transferred into the A. tamarense culture flask. Nematocysts
were used to capture A. tamarense as previously observed when engulfing G.
catematum. A. tamarense was ingested by P. kofoidii through a sulcus of the
posterior zooid. The predator swam around for a while after engulfing a whole
A. tamarense cell before sinking to the bottom of the culture flask where it
intenllittently rotated in place (Fig. 3-11a). A few minutes later, the A.
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tamarense cell that had been engulfed by the predator, had moved towards the
posterior end of the predator. Finally it was egested from the posterior sulcus
through which the engulfment had occurred. The egested A. tamarense cell
was unable to move and appeared to be covered with mucilaginous material
which had adhered to the cell while inside the predator. The prey remained
attached to the predator for several minutes probably due to the mucilage (Fig.
3-11b). Whether the cell recovered its vitality after becoming detached from
the predator was unable to be observed. P. kofoidii continued rotating and
started to change to a spherical shape, the cingulum and sulcus became
defonned, and their grooves disappeared without leaving a trace behind (Fig.3-
11 c, d, e). The originally ellipsoidal P. kofoidii, eventually, became spherical
(Fig. 3-11 f). Subsequently the cell burst, and several nematocysts were left in
its place (Fig. 3-11g). The whole process took about 10 min. All the P. kofoidii
in the flask disappeared within one hour due to cell lysis after feeding on A.
tamarense.
N. DISCUSSION
Surface ornamentation has been considered the most important
morphological feature differentiating the cysts of P. schwartzii and P. kofoidii.
The criterion for identification of the two Polykrikos cyst types adopted in
many recent publications (e.g. Nehring 1997; SOl1l1eman & Hill 1997) is that P.
schwartzii is ornamented with a reticulum and P. kofoidii with separate, rod-
like ornaments. But, as revealed in results, the reticulate ornament previously
attributed to P. schwartzii was also observed on the surface of cysts of P.
kofoidii in Fukuyo (1981) and in our experiment, encystment of P. kofoidii.
Additionally, intennediate ornament fonns of cysts of P. kofoidii were
observed in Matsuoka (1985) and also in our excystment experiment. In
contrast to cysts of P. kofoidii, those of P. schwartzii has not shown such a
wide range of variation, but this may partly reflect the fact that incubation
experiments on this species have been carried out only once by Dale (1967).
Many authors have considered the cysts with a reticulum to identify as P.
schwartzii, however neither full description nor illustration on the germinated
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motile fonn were given to it P. kofoidii cysts not only fonn network ornament,
but also have rod-like processes. Furthennore, there are intermediate fonns
between these end members, having an incomplete reticulum and shelf-like
muri. This suggests that the observed morphological gradient from the process-
like to network-like ornaments does not support the notion of different species,
and the taxonomic criterion that cysts with reticulate ornament are identical to
P. sclnvartzii and those with rod-like fonn to P. kofoidii, is considered
untenable. The significance for these morphological variations are not known
yet It might be resulted from the different physiological maturation toward a
hynozygote from a planozygote as observed in Lingulodinium polyedrum
(Stein) Dodge by Kokinos & Anderson (1995).
Figure 3-12 illustrated four steps during a feeding process of P. kofoidii on
G. catenatum, putting the feeding behavior observations. A P. kofoidii
discharges a nematocyst to capture a G. catenatum. At this time the rectangular
portion on the broader end is toward the prey. The length of filament decreases
over time, and finally the predator engulfs the prey through its posterior sulcus.
Besides, the rapid growth rate of P. kofoidii on G. catenatum (in excess of 1
doubling per day) suggests that the G. catenatum populations are controlled by
P. kofoidii predation in natural bloom conditions. Such growth rates, with _ in
excess of 0.90 dol, are unusually high for dinoflagellates. In a similarly large
heterotroph, G. spirale, !A. = 0.69 dol (Hansen 1992) while for a smaller species,
Gyrodinium dominans Hulburt, !A. = 0.91 dol (Nakamura et al. 1992) grew as
rapidly as P. kofoidii. However, it is clear that P. kofoidii can not be a potential
bloom controlling factor in all toxic dinoflagellate blooms, since it is unable to
thrive on various Alexandrium strains, and is in fact rapidly killed by at least
three strains, including Alexandrium monilatum HowelL Alexandrium
lusitanicum Balech and A. fundyense.
As shown in Table 3-3, the best food for P. kofoidii was G. catenatum,
with Alexandrium affine (Inoue and Fukuyo) Balech, A. tamarense,
Gyrodinium aureolum Hulburt, Lingulodinium polyedrum (Stein) Dodge and
Scrippsiella cf. trochoidea also giving good growth rates, while A. fundyense
Balech, A. lusitanicum Balech, A. monilatum Howell, Heterocapsa triquetra
(Ehrenberg) Stein and Heterocapsa sp. caused P. kofoidii to die. Although the
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strains of A. tamarense (CCMP1l5, CCMP1l6 and CCMP1312) supported
good growth of P. kofoidii, the other A. tamarense strain (ATHS-92) was
egested from the predator. This may be due to different toxin contents between
strains of A. tamarense, as suggested by Oshima et al. (1990) where the total
toxin content in A. tamarense varies significantly depending on culture
conditions. However no hard evidence is presently available that can explain
the different responses of P. kofoidii to A. tamarense. The egestion is not, it
would seem, because of the rigid thecate plates of A. tamarense, because good
growth rates of P. kofoidii are observed with other annored dinoflagellate
species. It is clear that all grazing activity is not necessarily helpful in the
survival of a predator, and this predator, P. kofoidii, appears not to possess the
ability to choose suitable foods for itself. And the rapid cell lysis of P. kofoidii
after the egestion of an intact cell of A. tamarense suggests a clue to
understand the mechanism by which P. kofoidii disappears suddenly after
feeding on A. tamarense in the field.
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TABLE 3·1.
Phagotrophic dinoflagellate species, their optimal food items and feeding mechanisms observed in previous papers.
Predator Species Food Items Feeding Mechanism References
Thecate species
Diplopsalis lenticula Ditylum brightwellii (diatom) pallium Naustvoll 1998
Oblea rotunda Ditylum brightwellii (diatom) pallium Strom & Buskey 1993
various to detrital particle pallium Jacobson &Anderson 1986
Oxyphysis oxytoxoides loricated ciliates feeding tube Inoue et al. 1993
Protoperidinium spp. almost diatoms pallium Jacobson & Anderson 1986
P. conicum chain-forming diatoms feeding veil Gaines & Taylor 1984
P. crassipes Gonyaulax polyedra (dinoflagellate) pallium Jeong & Latz 1994
P. depressum chain-forming diatoms feeding veil Gaines & Taylor 1984
P. cf. divergens copepod eggs and early naupliar stages pallium Jeong 1994
Gonyaulax polyedra (dinoflagellate) pallium Jeong & Latz 1994
P. hirobis Leptocylindrus danicus (diatom) pallium Jacobson & Anderson 1993
P. peffucidum Skeletonema costatum (diatom) pallium Hansen 1992
Zygabikodinium lenticulatum various to detrital particle pallium Jacobson & Anderson 1986
Naked species
Amphidinium crassum Rhodomonas baltica (cryptophyte) peduncle Hansen 1992
Gymnodinium fungiforme Condylostoma magnum (protozoa) peduncle Spero & Moree 1981
Dunafieffa salina _(chlorophyte)
Gyrodinium sp. Rhodomonas baltica (cryptophyte) engulfment Hansen 1992
G. dominans Heterocapsa triquetra (dinoflagellate) engulfment Hansen 1992
G. spiraIe Heterocapsa triquetra (dinoflagellate) engulfment Hansen 1992
* In feeding mechanism column, pallium is a synonym for feeding veil and peduncle is for feeding tUbe.
The expression used follows that in the original paper.
TABLE 3-2.
The relationship between cysts of Polykrikos and their surface ornament on the basis of literature
survey and cyst incubation experiments.
Name of cyst References Locations Ornamentation Incubation Exp.
a naked Wall and Dale (1968) various places reticulum -
dinoflaQellate
P. schwartzii Dale (1976) Oslofjord, Norway reticulate wall +
Reid (1978) North Atlantic and reticulum -
North Sea
Harland (1981) Firth of Forth, reticulum -
Scotland
Matsuoka (1985) Coastal Areas of reticulate networks -
Japan
P. kofoidii Morey-Gaines and Los Angeles-Long separate spines +
Ruse (1980) Beach Harbor,
America
FUkuyo (1981) Harimanada, Japan coarse reticulum +
Matsuoka (1985) Coastal Areas of shelf-like ornaments -
Japan
Encystment Exp. Funatsu Bay, Japan reticulum +
(this paper)
Excystment EXp. Omura Bay, Japan incomplete reticulum +
(this paper)
(+) indicates that an incubation experiment was carried out, (-) indicates no experiment.
TABLE 3-3.
Growth of P. kofoidii on dinoflagellate prey. Growth or death is graded
in 4 categories: rapid growth (RG, 0.44-0.96 dot moderate growth (MG,
0.21-0.40 dol); none (N, no net growth or loss); Death (0, net loss).
Species
Alexandrium affine'

























































































































1 Replicate experiments. 2 Information is taken from their CCMP (Provasoli-Guillard
Center for Culture of Marine Phytoplankton) Web site (h[tp.:.ll.cS;]_JJ.p,big~19_W._Qr.gl).
The CCMP Web site had priority; if it lacked cell size information, we selected another
reference. 3 ND, data not available. 4 [L = (In Nt-lnNo) 1"; where, t is incubation time (day),
No is the initial concentration of a predator, and Nt is the final concentration of a predator
after time 1.
FIGURES 3-1; 3-2. General shapes of G. catenatum. and P. kofoidii.
(scale bar, 40 fA-m).
FIGURE 3-1. G. catenatum chain counting_ of six cells.
FIGURE 3-2. P. kofoidii with four cingula (arrows). Because P. kofoidii is
highly transparent, partly ingested foods (F) are visible in the body.
scale bar =40!Affi
FIGURE 3-3; 3-4. Incubation experiments. (scale bar, 40 ""m).
FIGURE 3-3. Encystment experiment. a, Motile cell of P. kofoidii. b, Cyst of
P. kofoidii.
FIGURE 3-4. Excystment experiment. a, Cyst of P. kofoidii covered with
incomplete reticulate ornament. b, Motile cell of P. kofoidii germinated from
the cyst.
_ 7b
FIGURES 3-5-3-8. Different ornament types in Polykrikos Cysts.
(scale bar, 40 flm).
FIGURE 3-5. Rod-like, separate spinous ornament (Type 1).
FIGURE 3-6. Shelf-like ornament (Type 2).
FIGURE 3-7. Incomplete reticulate ornament (Type 3).
FIGURE 3-8. Reticulate ornament (Type 4).
FIGURE 3-9. Photomicrographs showing P. kofoidii feeding on a chain of G.
catenatum (scale bar, 40 [lm). a, A G. catenatum chain consisting of two
cells appears to be engulfed by a P. kofoidii. b, The chain breaks and the
first cell of G. catenatum is partly engulfed by the P. kofoidii through the
posterior sulcus. C, Finally the predator has fully engulfed the prey. The
shape of P. kofoidii alters due to feeding.
FIGURE 3-10. The photomicrograph series shows the processes of
rejecting a prey under the strong light used for taking photomicrographs
(scale bar, 40 f-tm). a, A P. kofoidii has captured a chain of G. catenatum
consisting of four cells, using a nematocyst. It tries to engulf the prey
through the broadened posterior end (arrow). b, The predator abandons the
prey. The broadened posterior end of the predator returns to its ordinary
width. c, P. kofoidii spits out the nematocyst (Ne). d, The filament length of
nematocyst elongates. e, The filament snaps and P. kofoidii disappears not
having eaten the prey. The nematocyst is still attached on the prey. f, A
non-motile G. catenatum, attacked by a nematocyst (Ne).
FIGURE 3a 11. Cell lysis process of P. kofoidii feeding on A. tamarense.
(scale bar, 40 fJ,m). a, P. kofoidii has fed on A. tamarense. b, After repeated
rotation, P. kofoidii egests A. tamarense from a sulcus of the posterior
sulcus. caf, The shape of P. kofoidii which originally ellipsoidal, changes: it
becomes spherical, the cingulum and sulcus deform, and the grooves
disappear. g, Finally, the spherical cell bursts and several nematocysts are






FIGURE 3-12. Schematic illustrations of four steps during feeding of P.
kofoidii on G. catenatum (scale bar, 40!lm). a, A P. kofoidii discharges a
nematocyst to capture a G. catenatum. The rectangular portion on the
broader end of the nematocyst, illustrated in the dotted circle, is attached to
the prey. b, The length of the filament decreases over time. c, The prey
enters through the broadened posterior end of the predator. d, Finally it is
fully engulfed.
CONCLUSION
The purpose of the study was to utilize the dinoflagellate, in both of motile
cells and benthic cysts for understanding marine environments.
The East China Sea and adjacent areas such as the Yellow Sea, Omura Bay
and Nita Bay were selected in this purpose, because a few investigations on
dinoflagellates have been carried out yet so far. I examined more than 160
sediment samples collected from the Yellow Sea, East China Sea and adjacent
areas for investigation of dinoflagellate cysts.
1) From the study of the horizontal distribution of dinoflagellate cysts in
surface sediments of the East China Sea and Yellow Sea, I can conclude that
the high contribution of cysts suggests the cyst accumulation area of a toxic
species, A. tamarense/catenella. Particular emphasis was placed on abundant
occurrence of ellipsoidal cysts of Alexandrium in the Yellow Sea. Various
environmental factors such as particle size of sediment, cyst production
(primary production) and/or sedimentation rates influenced to the
characteristics of cyst distribution in the Yellow Sea and East China Sea.
2) Through the analysis of fossil dinoflagellate cysts in three core
sediments, the change of dinoflagellate cyst assemblage reflected the
oceanographic change such as water temperature, current system and nutrient
condition. The high cyst concentration in the cores indicates the development
of the Tsushima Warm Current around 8300 yr BP in the East China Sea.
Additionally, the vertical analysis of dinoflagellate cysts revealed a history of
hannful dinoflagellate appearance.
3) Research of a heterotrophic dinoflagellate, Polyla-ikos kofoidii cleared
the following unresolved problems on this species. Feeding behavior of P.
kofoidii was first observed, as well as re-establishment of the cyst-motile cell
relationship. Although P. kofoidii was a voracious feeder, a strain of
Alexandrium tamarense (ATHS-92) finally caused to kill the predator.
Ecological researches on heterotrophic dinoflagellates provided a clue to
understand mechanisms terminating a bloom by dinoflagellates in the field.
Thus, studies on dinoflagellate cysts and motile tonns clearly showed
valuable and important marine enviromnental infonnation in present and past
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FIGURE 1. Utility of the dinoflagellate in the East China Sea
and adjacent areas.
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